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Advance    Report   of   Committee   4 — Rail 
Report   on   Assignment  2 

Collaborate  with  AISI  Technical  Committee  on  Rail 

and  Joint  Bars  in  Research  and  Other 

Matters  of  Mutual   Interest 

73-634-7f 

T.  B.  Hutcheson  (chairman,  subcommittee),  B.  G.  Anderson,  G.  T.  Bonnek,  B.  E. 
Catlett,  Jr.,  J.  T.  Collinson,  L.  S.  Crane,  W.  J.  Chuse,  E.  T.  Fran/in. 
W.  H.  Freeman,  V.  E.  Hall,  W.  T.  Hammond,  C.  C.  Herrick,  K.  H.  Kan- 
nowski,  A.  B.  Merritt,  Jr.,  E.  H.  Waring,  H.  M.  Williamson. 

Your  committee  presents  its  advance  report  on  Assignment  2  in  two  parts: 
Part  1 — Investigation  of  Rails  Made  from  Continuously  Cast  Blooms  by  Algoma 
Steel  Corporation,  immediately  following,  which  gives  details  of  a  study  carried  out 
at  the  Besearch  Center  of  the  Association  of  American  Bailroads;  and  Part  2 — 
Rails  Produced  from  Strand-Cast  Steel,  beginning  on  page  44.  The  latter  was  pre- 
pared by  the  Algoma  Steel  Corporation,  not  as  a  technical  report  on  that  subject 
per  se,  but  as  a  summary  of  information  on  the  metallurgical  aspects  of  the  produc- 
tion of  rail  produced  from  strand-cast  blooms  for  the  general  information  of  the 
members  of  AREA  Committee  4 — Bail,  at  one  of  its  recent  meetings.  In  spite  of 
the  limited  intent  of  this  document,  the  Algoma  Steel  Corporation  gave  its  permis- 
sion to  publish  the  material  contained  therein  in  the  ABEA  Bulletin  for  the  general 
information  of  ABEA  members  not  on  Committee  4,  and  for  this  the  members  of 
Committee  4  express  their  appreciation  to  the  officers  and  technical  staff  of  the 
Algoma  Steel  Corporation. 


Part  1 

Investigation  of  Rails  Made  from  Continuously  Cast 
Blooms  by  Algoma   Steel   Corporation* 

INTRODUCTION 

At   the   request   of   the   Algoma   Central   Railway,   rail   made   from   continuously 
cast  blooms  was  studied  at  the  Association  of  American  Railroads  Research  Cuter. 

These  continuously  cast  blooms  were  made  and  rolled  into  rail  b)  the  Alu'om.i  Steel 
Corporation.  Eight  6-ft  lengths  of  115-lb  RE  section  and  three  electric  Bash  butt 
welded  specimens  (welded  joint  located  in  center  of  specimen)  were  submitted  toi 

an  evaluation.  This  investigation  consisted  of  rolliny-load  tests,   slow    bend  tests,  drop 

tests,  chemical  analysis,  physical  property  determinations,  impact  properties,  hardness 
surveys  and  metallurgical  tests. 


•  AAR   Research  and  Teat    Department    Report   No.    R-104 

t  Discussion    open    until    December     1  ">.     L97L 
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DESCRIPTION    OF   MANUFACTURING    PRACTICE 

The  following  information  was  furnished  by  the  Algoma  Steel  Corporation, 
manufacturer  of  the  test  rails: 

"The  facilities  used  for  casting  rail  steel  consist  of  a  four-strand  bloom 
machine  supplied  with  108-ton  heats  by  a  tiiree-furnace  basic  oxygen  shop. 
In  the  same  building  is  a  two-strand  machine  for  casting  shapes  to  be  rolled 
into  parallel  flange  beams. 

"The  ladle  of  liquid  steel  is  transferred  to  the  casting  area,  where  it  is 
argon-stirred  to  effect  uniformity  of  temperature.  The  ladle  is  placed  over 
a  pre-heated  tun-dish  measuring  23  ft  x  24  in.  x  24  in.  deep,  into  which  the 
steel  is  poured  through  stopper-controlled  nozzles  set  in  the  ladle  bottom. 
From  the  tun-dish,  the  steel  is  poured  through  stopper-controlled  nozzles  into 
the  moulds,  which  are  made  of  water-cooled  copper  and  of  curved  design. 

"On  emerging  from  the  bottom  of  the  mould,  the  cast  bloom,  supported 
by  rolls,  passes  through  cooling  sprays  and  thence  through  a  nine-roll 
straightener.  The  mould  and  support  rolls  are  contoured  on  a  35-ft  radius. 
Oscillation  of  the  mould  is  electrically  driven,  with  a  stroke  between  i3<j  in. 
and  1/2  in.  Mould  lubrication  is  rapeseed  oil.  After  straightening,  the  bloom 
is  cut  to  length  automatically  by  propane  torches. 

"For  the  rail  steel  under  test,  die  furnace  charge  consisted  of  85  percent 
liquid  blast-furnace  iron,  widi  die  balance  of  metallics  principally  scrap.  Lime 
was  added  as  a  flux.  The  furnace  was  blown  with  7000  cfm  oxygen  for  20 
minutes.  At  the  end  of  blowing,  the  bath  analysis  was:  C  0.73,  Mn  0.86, 
P  0.016,  S  0.021.  The  furnace  temperature  at  tap  was  2970°  F,  and  the 
temperature  of  the  steel  in  the  ladle  was  2920°  F  immediately  after  tap. 
No  alloying  additions  were  made  to  the  furnace  before  tapping.  Additions 
to  the  ladle  during  tapping  consisted  of:  50  lb  carbon,  300  lb  ferro-man- 
ganese,  900  lb  85  percent  ferro-silicon,  and  5  lb  aluminum. 

"After  argon-stirring,  the  ladle  temperature  was  2870°  F.  During  cast- 
ing, the  steel  temperatures  in  the  tun-dish  were  between  2800 :  F  and 
2720°  F.  The  temperatures  of  the  bloom  immediately  below  die  mould  were 
between  1770°  F  and  1740°  F. 

"The  continuously  cast  blooms  were  allowed  to  cool,  and  were  later 
brought  to  rolling  temperature  in  a  gas-fired  re-heating  furnace,  as  is  the 
practice  for  rail  steel  blooms  made  from  ingots.  The  bloom  size  was  9/»  in.  x 
10/2  in.;  thus  the  reduction  ratio  in  cross  sectional  area  to  finished  rail  was 
8.2:1. 

"Rolling  and  finishing  practice  was  as  for  ingot  steel.  All  rails  were 
control-cooled  in  tanks,  as  for  normal  practice.  The  rails  were  manually  ultra- 
sonically  tested  for  detection  of  central  lamination  of  the  magnitude  occa- 
sionally found  in  ingot  steel.  No  indications  of  lamination  were  found,  and 
the  nick-and-break  test  showed  no  central  unsoundness.  Drop  test  results  were 
similar  to  those  for  ingot  steel. 
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"The  rail  specimens  welded  were  welded  at  Canadian  Pacific  Railway's 
plant  at  Transcona,  where  the  pressure-fusion  Hash  butt  technique  is  used. 
Resistance  heating  is  used,  and  the  pressure  used  for  upsetting  is  120,000  psi." 

DESCRIPTION    OF   TEST    SPECIMENS 

Eight  6-ft  lengths  of  rail,  rolled  into  115  lb/yd  RE  sections  from  continuously 
cast  blooms,  were  submitted.  In  addition  six  3-ft  lengths  were  shipped  to  the 
Canadian  Pacific  Railway  to  be  electric  flash  butt  welded  into  three  6-ft  specimens. 
The  three  welded  samples  (welded  joint  located  in  center  of  the  specimen)  were 
also  sent  to  the  AAR  Research  Center.  No  identification  markings  were  found  on  any 
of  the  rail  specimens.  For  identification  purposes  the  specimens  were  assigned  AAR 
metallurgical  investigation  numbers  as  follows: 

Rail  specimens:  258A,  B,  C,  D,  E,  F,  G,  and  H 

Weld  specimens:  2581,  J  and  K 

RESULTS 

An  outline  of  the  tests  conducted  at  the  AAR  Research  laboratory  on  the 
various   rail   specimens   is  as   follows: 

Specimen  No.  Types  of  Tests  Conducted 

Rail  specimens 

258A  SB,  MA  (T) 

258B  RL  (C),  P,  MA  (T),  MA  (L),  MI  (GS),  MI  (CL),  H 

258C  SB,  MA  (T) 

258D  RL  (12),  P,  MA  (T),  MA  (L) 

25SE  D,  MA  (T) 

258F  RL  (12),  P,  I,  C,  MA  (T),  MA  (L),  MI  (GS),  MI  (CL),  H 

258G  D,  MA  (T) 

258H  RL  (C),  P,  MA  (T),  MA  (L) 

Weld  specimens 

2581  SB,  MA   (T-2) 

2581  RL  (12),  MA  (T-2) 

258 K  D,  MA   (T-2) 

Key  to  Symbol  Designations 
RL  (12)     — Rolling-Load  Test  ( 12-in. -stroke  machine) 
RL  (C)      — Rolling-Load  Test  (Cradle-type  machine) 
D  — Drop  Test 

SB  — Slow  Bend  Test 

P  — Physical  Property  Determination 

H  — Hardness  Survey 

I  — Charpy  Keyhole  Impact  Test 

C  — Chemical  Analysis 

MA  (L)     — Macroetch  Test  (Longitudinal  section) 
MA  (T)     — Macroetch  Test  (Transverse  section) 
MA  (T-2) — Macroetch    Test    (Transverse    section    cut    from    rail    on    each    side    of 

welded  joint ) 
MI  (CL)    — Microscopic  Examination  (Cleanliness  determination) 
MI  (GS)    — Microscopic  Examination  (Grain  Size  determination) 

Rolling-Load   Tests 

Portions  of  rail  specimens  258D  and  F,  and  welded  specimen  258J  were  sub- 
jected to  fatigue  testing  on  the  12-in. -stroke  rolling-load  machine.  The  loading 
arrangement  used  in  testing  the  rail  and  weld  specimens  is  shown  in  Figs.   1  and  2. 
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It  can  be  noted  in  Fig.  2  that  the  weld  joint  was  positioned  2  in.  beyond  the  sup- 
port. A  wheel  load  of  48,000  lb  was  used  in  testing  both  types  of  specimens,  and 
a  maximum  bending  moment  of  480,000  in-lb  was  developed  at  a  point  2  in.  beyond 
the  support  toward  the  free  end.  With  this  cantilever  arrangement  the  outer  longi- 
tudinal fibers  of  the  rail  head  at  the  point  2  in.  beyond  the  support  were  subjected 
to  cyclic  stressing  with  a  maximum  of  26,666  psi  tension.  In  this  type  of  testing 
2,000,000  cycles  of  repeated  loadings  without  failure  is  considered  a  runout.  These 
specimens  withstood  the  2,000,000  cycles  of  repeated  loadings  without  failure.  A 
summary  of  the  rolling-load  test  results  is  presented  in  Table   1A. 

A  piece  of  rail  14%  in.  long  was  cut  from  specimens  258B  and  H  and  subjected 
to  testing  in  the  cradle-type  rolling-load  machine.  This  machine  was  designed  to 
study  die  resistance  of  rails  to  shelling.  A  diagram  of  the  loading  arrangement  of 
the  cradle-type  rolling-load  machine  is  shown  in  Fig.  3.  In  this  test  the  base  of  the 
rail  is  installed  on  the  cradle  bed  and  the  cradle  rotates  approximately  13  from 
the  vertical.  As  the  cradle  rotates  the  wheel  passes  over  the  gage  corner  of  the  rail. 
A  wheel  load  of  50,000  lb  was  applied.  These  specimens  ran  5,010,500  and  5,001,600 
cycles,  respectively.  A  runout  without  shelling  is  considered  to  be  5,000,000  cycles. 
To  determine  whether  any  internal  cracks  developed  during  the  cradle  tests,  a 
transverse  section  was  cut  from  each  rail  through  the  greatest  depressed  area  of  the 
wheel  path.  Photographs  of  these  transverse  sections  are  shown  in  Figs.  4  and  5. 
A  summary  of  the  cradle-type  rolling-load  test  results  can  be  found  in  Table  IB. 

Drop   Tests 

Rail  specimens  258E  and  G  and  welded  specimen  258K  were  subjected  to  a 
drop  test.  The  rail  specimens  were  tested  in  accordance  with  AREA  Specification 
4-2-2,  paragraph  6,  which  states  that  rail  tested  head  upward  on  supports  4  ft 
apart,  shall  withstand  one  blow  of  a  2,000-lb  tup  dropped  from  a  height  of  20  ft. 
The  rail  specimens  withstood  five  and  four  blows,  respectively,  without  breaking. 
Specimen  258G  broke  on  the  fifth  drop  of  the  tup. 

The  welded  specimen  (258K)  was  tested  head  upward  with  the  welded  joint 
positioned  midway  between  the  supports,  which  were  4  ft  apart.  It  broke  on  the 
first  blow  of  the  2,000-lb  tup  dropped  from  20  ft.  Photographs  of  the  side  view 
and  fracture  faces  of  the  welded  specimen  are  shown  in  Figs.  6  and  7.  A  summary 
of  drop  test  results  is  presented  in  Table  2.  There  are  no  drop  test  requirements 
for  welded  joints. 

Slow    Bend   Tests 

Rail  specimens  258A  and  C,  and  welded  specimen  2581  were  subjected  to  slow 
bend  tests.  This  test  was  made  on  supports  4  ft  apart  with  a  two-point  loading 
applied  6  in.  on  each  side  of  a  center  line  drawn  midway  between  the  supports. 
In  testing  the  welded  specimen  (2581)  the  welded  joint  was  positioned  at  this 
midway  location.  The  test  was  made  with  the  rail  base  down  which  subjects  the 
head  to  a  compressive  stress  and  the  base  to  a  tension  stress.  A  diagram  of  die 
loading  arrangement  used  in  the  slow  bend  test  is  shown  in  Fig.  8.  Rail  specimens 
258A  and  C  were  taken  to  5  in.  of  deflection  under  a  403,000-  and  417,000-lb  load, 
respectively,  without  breaking.  The  modulus  of  rupture  was  calculated  to  be  165,068 
and  170,795  psi,  respectively,  for  these  specimens.  Welded  specimen  2581  broke  at 
1.9  in.  of  deflection  under  a  353,000-lb  load  resulting  in  a  modulus  of  rupture  of 
144,409  psi.  Photographs  of  die  side  view  and  fracture  faces  of  the  welded  specimen 
are  shown  in  Figs.  9  and  10.  Table  3  is  a  summary  of  the  slow  bend  test  results. 
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Physical    Property    Determinations 

To  determine  the  physical  properties  of  rail  steel  made  from  continuously  east 
blooms,  a  tensile  bar  was  taken  from  the  head  of  each  specimen  258B,  D,  F  and 
H  in  the  direction  of  rolling.  These  tensile  bars  were  from  an  area  in  the  rail  head 
representing  the  mean  location  in  the  continuously  cast  bloom.  Tensile  tests  were 
made  on  a  Baldwin  Universal  Testing  Machine  having  a  120,000  lb  capacity.  The 
physical  properties  determined  include  ultimate  tensile  strength,  yield  strength, 
reduction  of  area,  elongation  and  BHX.  The  yield  strength  was  obtained  with  an 
extensometer  and  a  0.2  percent  offset  on  die  stress-strain  curve.  A  summary  of  die 
results  of  the  physical  property  tests  can  be  found  in  Table  4. 

Hardness    Surveys 

A  hardness  survey  was  made  over  the  cross  section  of  a  transverse  slice  cut 
from  rail  specimens  258B  and  F.  Hardness  readings  were  obtained  with  a  Brine!  1 
Hardness  tester  using  a  3,000-kg  load.  The  range  of  hardness  readings  obtained 
from  these  specimens  is  as  follows: 

Specimen  No.  Hardness  Readings 

(Range) 

25SB        252-282 

258F       237-277 

A  sketch  showing  locations  checked  and  the  hardness  values  obtained  can  be  found 
in  Figs.  11  and  12. 

Charpy    Impact   Tests 

Standard  Charpy  keyhole  specimens  were  cut  from  the  head  of  specimen  258F. 
These  specimens  were  cut  longitudinally  from  the  rail  in  the  direction  of  rolling. 
Two  samples  were  tested  at  40°  temperature  increments  between  35°  and  355°  F. 
A  summary  of  the  impact  values  obtained  at  each  temperature  is  reported  in  Table 
5.  The  fracture  faces  of  the  impact  specimens  and  their  fracture  ratings  (percent 
brittle  fracture)  can  be  found  in  Fig.  13.  These  tests  were  performed  on  a  Richie 
impact  tester  calibrated  with  standard  Watertown  arsenal  impact  specimens. 

Chemical    Analysis 

A  check  chemical  analysis  was  made  by  a  commercial  laboratory  on  drillings 
from  specimen  258F  in  an  area  of  the  rail  head  representing  a  mean  location  in  the 
continuously  cast  bloom.  Carbon,  manganese,  phosphorus,  sulfur  and  silicon  deter- 
minations were  made.  Residual  elements  were  determined  spectrographically  oil  a 
!i-in. -square  block.  The  results  showed  that  the  carbon  and  phosphorus  contents 
were  within  the  requirements  of  AREA  Specification  4-2-1,  paragraph  3,  for  the 
115-lb  section.  It  was  found  that  the  manganese  and  silicon  contents  were  0.04  and 
0.15  points,  respectively,  above  the  upper  limit  of  the  specified  range.  A  summar) 
of  the  results  from  this  check  analysis  can  be  found  in  Table  6. 

Macroscopic    Examinations 

To  determine  the  soundness  of  the  rail  steel,  transverse  Sections  were  cut  from 
all  rail  samples  and  both  rails  of  each  welded  sample  and  inacroetched  in  a  hot 
50  percent  aqueous  solution  of  hydrochloric  acid.  Photographs  of  the  macroetched 
transverse  Sections  cut  from  the  rail  specimens  are  shown  in  Figs.  11  through  21. 
Photographs  showing  the  inacroetched  transverse  sections  tut  from  both  rails  ol  each 
welded  sample  are  shown  in  Figs.  22  through  27.  The  inserts  noted  in  these  figures 
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show  some  of  the  deep  subsurface  imperfections  at  a  magnification  of  10X-  A  sum- 
mar)  nt  the  Endings  from  this  macroscopic  examination  can  be  found  in  Table  7A. 
To  determine  whether  there  were  any  shatter  cracks  or  hot  torn  steel  in  these 
rail  samples,  longitudinal  sections  were  cut  from  the  heads  of  samples  258B,  D,  F 
and  II.  and  macioetched  in  a  hot  50  percent  aqueous  solution  of  hydrochloric  acid. 
\n  examination  of  these  macioetched  longitudinal  sections  showed  sound  steel 
quality.  Photographs  of  these  macroetched  sections  are  shown  in  Figs.  28  through 
31.  A  summary  of  the  findings  from  this  macroscopic  examination  can  be  found  in 
Table  7B. 

Microscopic    Examinations 

To  view  the  grain  structure  of  the  rail  steel,  specimens  were  cut  from  samples 
258B  and  F  for  a  microscopic  examination.  These  specimens  were  taken  so  as  to 
examine  the  plane  transverse  to  the  direction  of  rolling.  The  specimens  were  etched 
with  a  2  percent  nital  solution  and  examined  at  a  magnification  of  100X-  In  exam- 
ining these  specimens  it  was  noted  that  die  structure  consisted  only  of  equiaxed 
pearlitic  grains  which  is  a  structure  of  eutectoid  composition.  The  grain  size  of  the 
steel  was  estimated  to  range  from  3  to  5  as  determined  by  comparison  of  photo- 
micrographs with  ASTM  chart,  Designation  E  112,  Plate  1.  Photomicrographs  of 
these  grain  structures  are  shown  in  Figs.  32  and  33.  A  summary  of  the  findings  from 
diis   microscopic  examination  can  be  found  in  Table  8A. 

Steel  cleanliness  was  established  on  samples  cut  from  specimens  258B  and  F. 
The  samples  used  in  this  examination  were  taken  so  as  to  view  the  plane  in  the 
direction  of  rolling.  These  samples  were  unetched  and  examined  at  a  magnification 
of  lOOX-  In  examining  these  samples,  non-metallic  inclusions  of  die  sulfide,  silicate 
and  oxide  type  were  found.  These  inclusions  were  rated  by  comparison  with  ASTM 
chart,  Designation  E  45,  Plate  1.  A  summary  of  cleanliness  ratings  can  be  found  in 
Table  8B.  Photomicrographs  of  cleanliness  are  shown  in  Figs.  34  and  35. 

DISCUSSION 

The  physical  properties,  Brinell  hardness  readings,  and  Charpy  keyhole  impact 
values  of  these  rails  rolled  from  continuously  cast  blooms  are  compared  to  standard 
carbon  steel  rails  in  the  following  table: 


Rail 

Tensile 

Yield 

Reduction 

Impact" 

Section 

Strength 

Strength 

of  Area 

Elong. 

Values 

(lb/yd) 

(psi) 

(psi) 

(%) 

(%) 

BHN     (ft-lb) 

Rails   rolled   from 

continuously     cast 

blooms  (average  val- 

ues of  results  re- 

ported   in    Tables    4 

and    5)     115 

141,700 

77,600 

19.8 

11.0 

257         2.0 

Comparisons 

( References  AREA 

Proceedings ) 

Vol.  51,  page  604  .  155  137,300  80,700  16.1  11.0  272  3.6 

Vol.  57,  page  851  .  136  135,000  70,800  13.4  9.7  274  4.6 

Vol.  61,  page  875  .  132  134,200  73,000  17.3  7.7  277  1.5 

Vol.  64,  page  536  .  115  134,700  75,100  17.9  8.3  266  3.6 

Vol.  65,  page  599  .  115  134,300  75,400  19.1  8.7  270  1.9 

«  Tested  at  75°  F. 


RaH 7 

The  average  number  of  cycles  required  to  develop  a  shell  in  the  cradle-type 

rolling-load  machine  was  calculated  from  the  results  of  33  rolling-load  tests  on 
standard  rail  (various  sections  and  chemistries)  reported  in  the  AREA  Proceedings 
from  years  1949  through  1965.  It  was  determined  that  an  average  of  1,402  193 
cycles  was  required  to  develop  a  shell  in  the  cradle-type  rolling-load  test  under  a 
50,000-lb  applied  load.  In  comparing  this  figure  with  the  results  of  the  samples  run 
in  this  investigation,  one  sample  ran  5,010,300  and  another  5,001,600  cycles  without 
developing  a  shell. 

Results  of  slow  bend  tests  on  standard  115  lb/yd  RE  rail  are  not  available 
but  records  of  two  slow  bend  tests  on  112  lb/yd  RE  rail  were  available.  Because 
of  the  similarity  in  physical  dimensions  between  these  two  sections,  the  112  lb/yd 
RE  section  was  used  for  comparison. 

Slow  bend  test  results  of  112  lb/yd  RE  rail: 


Maximum 

Deflection 
(in.) 

Maximum 
Load 
0b) 

Energy  to 

Maximum 

Deflection 

(ft-lb) 

Modulus  of 
Rupture 

(psi) 

Remarks 

5.0 
5.0 

403,000 
403,000 

138,583 
140,166 

166,376 
166,376 

Did  not  break 
Did   not   break 

The  slow  bend  test  results  of  the  115  lb/yd  RE  rails  made  from  continuously  cast 
blooms  in  this  investigation  were: 


Maximum 
Deflection 

(in.) 

Maximum 

Load 
Ob) 

Energy  to 

Maximum 

Deflection 

(ft-ib) 

Modulus  of 

Rupture 

(psi) 

Remarks 

5.0 
5.0 

403,000 
417,000 

139,417 
140,500 

165,068 
170,795 

Did  not  break 
Did  not  break 

There  are  no  test  results  available  of  electric  flash  butt  welds  mack-  with 
standard  115  lb/yd  RE  rail,  but  this  electric  flash  butt  weld  of  115  lb/yd  rail  mad. 
from  continuously  cast  blooms  met  the  minimum  tentative  criterion  of  1.5  in. 
deflection  and  140,000  psi  modulus  of  rupture". 

CONCLUSIONS 

This  evaluation  of  rails  made  from  continuously  cast  blooms  by  the  Algoma 
Steel  Corporation  and  submitted  to  the  AAR  Research  and  Test  Department  b)  tin 
Algoma  Central   Railway,   resulted  in   the  following  conclusions: 

1.  In  the  rolling-load  tests  conducted  on  the  12-in. -stroke  rolling-load  machine 
two  rail  samples  and  one  welded  sample  each  ran  2. 000. 000  cycles  ot 
repeated  loading  without  failure. 

2.  The  two  rail  samples  subjected  to  the  cradle-type  rolling-load  test  both 
i an    to   completion,   which   is  5,000,000  cycles  without  developing  a   shell. 

3.  One  of  the  two  rail  samples  subjected  to  a  drop  test  withstood  five  Mows 
and  the  other  four  blows  without  breaking.  This  meets  the  \l\l  \  require- 
ments of  withstanding  one  blow  of  the  tup.  The  welded  Specim<  D  sul>- 
jected  to  this  drop  test  broke  on  the  first  blow,  partially  through  the  weld 
line,    which    can    be    considered    normal.    An    examination    et    the    Ir.u  tun 


See  AREA   Proceedings,   Vol.   68    (1967),  pa«e  384. 
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facts  of  this  broken  welded  specimen  .showed  that  there  was  good  fusion 
between  the  two  rails. 

4.  One  of  the  two  rail  samples  subjected  to  slow  bend  testing  was  taken  to 
5  in.  of  deflection  under  a  load  of  403,000  and  the  other  under  a  load 
of  417,000  lb  without  breaking.  These  samples  developed  a  modulus  of 
rupture  of  165,068  and  170,795  psi,  respectively.  These  values  are  com- 
parable with  data  obtained  for  standard  carbon  rail  (see  Discussion). 
The  welded  specimen  broke  at  1.9  in.  of  deflection  under  a  353,000-lb 
load.  This  sample  developed  a  144,409  psi  modulus  of  rupture.  These 
values  met  the  tentative  criterion  as  set  forth  in  the  AREA  Proceedings, 
Vol.  68  (1967)  page  384.  An  examination  of  the  fracture  faces,  in  which 
die  fracture  extended  partially  through  the  weld  line,  showed  good  fusion 
between  the  two  rails. 

5.  A  comparison  of  physical  properties  of  rail  rolled  from  continuously  cast 
blooms  with  rail  rolled  from  ingots  shows  that  the  rails  rolled  from  con- 
tinuously cast  blooms  have  a  slightly  higher  ultimate  tensile  strength, 
yield  strength,  reduction  of  area  and  elongation.   ( See  Discussion ) . 

6.  Hardness  values  obtained  from  the  two  samples  checked  were  between 
237  and  282  BHN. 

7.  Charpy  keyhole  impact  values  were  found  to  be  low,  especially  at  room 
temperature,  which  is  generally  characteristic  of  rail  steel.  The  transition 
temperature  for  a  50  percent  cleavage  fracture  was  approximately  315°F,  at 
which  an  average  impact  value  of  8.0  ft-lb  was  established. 

8.  Manganese  and  silicon  contents  were  0.04  and  0.15  points  respectively, 
above  the  AREA  specified  range. 

9.  A  macroscopic  examination  of  the  transverse  sections  showed  the  following 
internal  conditions: 

a.  Dendritic  structure. 

b.  Center  segregation. 

c.  Scattered  center  porosity. 

d.  Minute  cracks  in  deep  subsurface  areas  of  head  and  base. 

These  minute  cracks  are  located  in  areas  from  which  transverse  discon- 
tinuities could  develop. 

An   examination   of   the   macroetched   longitudinal   sections   showed   no 
evidence  of  shatter  cracks  or  hot  torn  steel. 

10.  A  microscopic  examination  of  the  structure  showed  tiiat  this  steel  was  of 
eutectoid  composition.  The  grains  were  equiaxed  with  a  grain  size  of  3 
to  5.  An  examination  of  the  steel  cleanliness  showed  a  moderate  number 
of  sulfide,  silicate  and  oxide  type  inclusions. 


Rail 


Specimen 

No. 


258J 

(Welded  joint) 


TABLE  1A 
ROLLING  LOAD  TEST  RESULTS  (12  IN. -STROKE  MACHINE) 


Rail  Rolling  Load 

Section  Machine  Load 

(lb. /yd.)  (Type)  [lb.) 


12  in.    stroke 
machine 


12-in.    stroke 
machine 


12  in. -stroke 
machine 


Number 

of 
Cycles 


Remarks 

48,000  2,000,000  Rail  did  not  fail  -   I 

48,000  2,000,000  Rail  did  not  fail  -  runout 

48,  000  2,  000,  000  Weld  did  not  fail  -  runout 


Specimen 
No. 


TABLE  IB 
ROLLING  LOAD  TEST  RESULTS  (CRADLE  TYPE  MACHINE) 


Rail 

Section 
(lb.  /yd.  ) 

115  RE 
115  RE 


Rolling-Load 

Machine 

(Type) 

Cradle  type 
machine 

Cradle  type 
machine 


Wheel 
Load 
lib.  I 


Number 

of 
Cycles 

5,  010,  300 
5,001,600 


Did  not  develop  shell 
(see  Figure  4i 


Did  not  develop  shell 
(see  Figure  5) 


Specimen 
No. 


258K 
(Welded  joint) 


Rail 
Section 
(lb.  /yd.  ) 


TABLE 

2 

DROP  TEST 

RESULTS 

Method 

Distance 

Height 

Number 

of 

Between 

of 

of 

Testing 

Supports 

Drop 

Blows 

Head  up 

4  ft. 

20  ft. 

Withstood 
5  blows 

Head  up 

4  ft. 

20  ft. 

Withstood 
4  blows 

Head  up 

4  ft. 

20  ft. 

Broke  on 

1st  blow 

Remarks 
Did  not  fail 

Broke  on  5th  blow 

Broke  through  weld 
(see  Figures  6  t,   7) 


Specimen 


No. 


258A 
258C 


2581 

(Welded  joint) 


Rail 
Section 

(lb.  /yd.  ) 

115  RE 
115  RE 


TABLE  3 
SLOW  BEND  TEST  RESULTS 


Method 
of 

Testing 

Head  up 
Head  up 

Head  up 


Max. 

Load 
(lb.) 

403.000 

417.000 


Modulus 
Max.      Energy  at  of 

Def.        Max.    Def.       Rupture 
(in.)        (ft. -lb.  )  (p»i) 


5.0 
5.0 


15  '.  417 
140, 500 


165.068 
170.795 


Remarks 

Did  not  break 

Did  not  break 

Broke  through  weld  in 
lower  half  of  »ection 
(•••  Figurri  9  «.    10) 
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TABLE 

4 

PHYSICAL  PROPERTIES 

Ultimate 

Yield* 

Reduction 

Sample 

Strength 

Strength 

of  Area 

Elong. 

No. 

(psi) 

(psi) 

(%) 

(%) 

BHN 

258B 

143, 350 

85, 150 

19.  0 

11.4 

266 

258D 

141,  350 

74,  050 

19.  2 

10.  8 

262 

258F 

140, 000 

75, 600 

20.4 

11.6 

241 

258H 

142,  200 

75, 750 

20.  5 

10.  3 

262 

*The  yield  strength  was  obtained  with  an  extensometer  based  on  a 
0.  2  percent  offset  of  the  stress-strain  curve. 


TABLE  5 

RESULTS  OF  CHARPY  IMPACT  TESTS 

(Keyhole  Notch) 


Rail 

Test 

Impact 

Values  (ft. 

-lb 

'.) 

Sample 

Temp. 

Test 

Test 

No. 

Location 

(°F) 

Sample  1 

Sample  2 

A 

vera; 

258F 

Head 

35° 

1.  2 

1.  3 

1.  3 

75° 

2.0 

2.0 

2.0 

115° 

2.  2 

1.9 

2.  1 

155° 

3.  0 

3.  5 

3.  3 

195° 

5.6 

4.8 

5.  2 

235° 

6.0 

7.0 

6.  5 

275° 

6.9 

6.4 

6.7 

315° 

8.  4 

7.6 

8.0 

355° 

9.4 

9.  8 

9.6 

Rail  11 


TABLE  6 
CHEMICAL  COMPOSITION 


AREA 
Specification 
Requirements       Check  Analysis 


Elements 

< 

percent) 

(percent 
Sample  No. 

Carbon 

0. 

,67-0. 80 

0.  76 

Manganese 

0. 

70   -   1.  00 

1.  04 

Phosphorus,    Max. 

0.04 

0.  017 

Sulfur 

0.  019 

Silicon 

0. 

10   -  0.  23 

0.  38 

Nickel 

0.05 

Chromium 

0.  05 

Molybdenum 

0.  05 

Copper 

■ 

0.  05 

Aluminum 

0.  01 

The  above  analysis  was  made  by  a  commercial  laboratory. 
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TABLE  7A 
RESULTS  OF  MACROSCOPIC  EXAMINATION 
(TRANSVERSE  SECTIONS) 
Macro  Test  Conducted  to  Determine  Internal  Quality 


Sample 
No. 


Et  chant 


Visual  Observations 


258A  50%  aqueous 

solution  of 
hydrochloric  acid. 


Light  center  segregation.      Moderate 
scattered  porosity  (center).      Pro- 
nounced dendritic   structure  in  head, 
web  and  base.      (See  Figure   14) 


258B  50%  aqueous 

solution  of 
hydrochloric  acid. 


Light  center  segregation.      Pro- 
nounced dendritic  structure   in  head, 
web  and  base.     Minute  cracks  in  deep 
subsurface  area  of  head  and  base. 
(See  Figure    15) 


258C  50%  aqueous 

solution  of 
hydrochloric  acid. 


Light  center  segregation.      Light 
scattered  porosity  (center).      Pro- 
nounced dendritic  structure   in  head 
and  web.      (See  Figure   16) 


258D  50%  aqueous 

solution  of 
hydrochloric  acid. 


Moderate  scattered  porosity  (center). 
(See  Figure   17) 


258E  50%  aqueous 

solution  of 
hydrochloric  acid. 


Light  center  segregation.      Light 
scattered  porosity  (center).      Pro- 
nounced dendritic   structure  in  web. 
Minute  cracks  in  subsurface  area  of 
head  and  base.      (See  Figure   18) 


258F  50%  aqueous 

solution  of 
hydrochloric  acid. 


Moderate  scattered  porosity  (center) 
(See  Figure   19) 


258G  50%  aqueous 

solution  of 
hydrochloric  acid. 


Light  center  segregation.      Light 
scattered  porosity  (center).      Pro- 
nounced dendritic   structure   in  head, 
web  and  base.      Minute  cracks   in  sub- 
surface area  of  head  and  base.      (See 
Figure  20) 


Rail 
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TABLE  7A 
(Continued) 


Sample 
No. 


Etchant 


Visual  Observations 


258H 


2581- 
Right 


2581- 
Left 


258J- 
Right 


258J- 
Left 


50%  aqueous 
solution  of 
hydrochloric  acid. 


Light  center  segregation.      Light 
scattered  porosity  (center).      Pro- 
nounced dendritic   structure   in  head, 
web  and  base.      Minute  cracks  in  sub- 
surface area  of  head  and  base.      (See 
Figure  21) 


The  following  relate  to  transverse  sections  cut  from 
rails  on  each  side  of  a  welded  joint. 


50%  aqueous 
solution  of 
hydrochloric  acid. 


50%  aqueous 
solution  of 
hydrochloric  acid. 


50%  aqueous 
solution  of 
hydrochloric  acid. 


50%  aqueous 
solution  of 
hydrochloric  acid. 


258K-  50%  aqueous 

Right  solution  of 

hydrochloric  acid. 

258K-  50%  aqueous 

Left  solution  of 

hydrochloric  acid. 


Moderate  center  segregation.      Light 
scattered  porosity  (centerl.     Pro- 
nounced dendritic   structure   in  head, 
web  and  base.      Minute   cracks   in  sub- 
surface area  of  head  and  base.      (See 
Figure  22) 

Moderate  center  segregation.      Pro- 
nounced dendritic  structure   in  head, 
web  and  base.      Minute   cracks   in  sub- 
surface area  of  head  and  base.      (See 
Figure  23) 

Light  center  segregation.      Pronounced 
dendritic   structure-  in  head,    web  and 
base.     Minute  cracks  in  subsurface 
area  of  head  and  base.      Shallow  seams 
on  head  and  bottom  of  base.      (See 
Figure   24) 

Light  center  segregation.      Pronouni  ed 
dendritic  structure  in  head,    web  and 
base.     Minute  cracks  in  subsurface 
area  of  head  and  base.      (See   Figur< 

Moderate  scattered  porosity  (center). 
(See  Figure  26) 


Moderate  scattered  porosity    (center), 
(See  Figure  27) 
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TABLE  7B 

RESULTS  OF  MACROSCOPIC  EXAMINATION 

(LONGITUDINAL  SECTIONS) 

Macro  Test  Conducted  to  Disclose  the  Presence  of  Shatter  Cracks 

Sample 

No.  Etchant  Visual  Observations 

258B  50%  aqueous  Sound    steel.     (See    Figure  28) 

solution  of 
hydrochloric  acid. 

258D  50%  aqueous  Sound    steel.     (See    Figure    29) 

solution  of 
hydrochloric  acid. 

258F  50%  aqueous  Sound    steel.     (See    Figure    30) 

solution  of 
hydrochloric  acid. 

258H  50%  aqueous  Sound    steel.     (See    Figure    31) 

solution  of 
hydrochloric  acid. 


^ Rail _J5 

TABLE  8A 

RESULTS  OF  MICROSCOPIC  EXAMINATION 

(Specimens  Cut  Transverse  to  the  Direction  of  Rolling) 

Sample  Grain  Size* 

No.  Etchant  Mag.  Type  of  Crystal 

258B  2%  Nital  100X  3  to  5,    predominant  4. 

Equiaxed  crystals. 
(See  Figure  32) 

258F  2%  Nital  100X  3  to  5,    predominant  4. 

Equiaxed  crystals. 
(See  Figure  33) 


TABLE  8B 

RESULTS  OF  MICROSCOPIC  EXAMINATION 

(Specimens  Cut  Longitudinal  to  the  Direction  of  Rolling) 

Sample 

No.  Etchant  Mag.  Cleanliness  Ratings** 

258B  Unetched  100X  Sulfide  type  (A).    No.    1  Thin  series. 

Silicate  type  (C).  No.  2  Thin  series. 
Oxide  type  (D).  No.  1  Heavy  series. 
(See  Figure  34) 

258F  Unetched  100X  Sulfide  type  (A).    No.    2  Thin  series. 

Silicate  type  (C).  No.  1  Thin  series. 
Oxide  type  (D).  No.  1  Heavy  series. 
(See  Figure  35) 


*The  average  grain  size  was  determined  with  the  use  of  ASTM  Chart, 
Designation  El  12,    Plate   1. 

'-^Cleanliness  determinations  were  made  with  the  use  of  ASTM  Chart, 
Designation  E45,    Plate   1. 
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Fig.    1 — Diagram   of   12-in. -stroke   rolling-load  machine  showing   loading 
arrangement  used   for  testing    rail. 
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Fig.   2 — Diagram  of  12-in. -stroke  rolling-load  machine  showing   loading 
arrangement  for   testing   welded   joints. 
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Fig.    3 — Diagram    showing   the    loading   arrangement   of  the   cradle-type   rolling-locd   machine. 
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Fig- 


S—Transverse    section   cut   from    specimen    258H   after   being    subjected  to 
5,001,600   cycles   on   the   cradle-type   rolling-load   machine. 
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pjg.    6 — Side  view   of  specimen   258K    (welded  joint)    showing   the 
break   that   resulted   from   drop   testing. 


Fig.    7 — Fracture   faces   of   specimen    in    Fig.    6. 
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Fig.    8 — Diagram    showing    the    loading    arrangement    of   the    slow    bend    test. 


Fig.    9 — Side    view    of    specimen    2581     (welded    joint)    showing    the 
break    resulting    from    slow    bend    testing. 
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Fig.    10 — Fracture   faces   of  specimen   shown   in   Fig.   9. 
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BHN  READINGS 


Fig.    11 — Results   of  a  hardness   survey  that  was  made  on   a  transverse 
section    cut    from    specimen    258B. 
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Fig.   1 2— Results  of  a  hardness  survey  that  was  made  on  a  transverse 
section   cut  from    specimen    258F. 
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Fig.    13 — Fracture   information   on   specimens   impact-tested   at  various  temperatures. 
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258A-J 


Fig.    14 — Macroetched  transverse  section  cut  from  specimen  258A.   Etchant, 
hot   50   percent  aqueous   solution   of  hydrochloric  acid. 
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Fig.    15 — Macroetched   transverse   section   cot  from   specimen   258B.    Etchant, 
hot   50    percent   aqueous    solution    of   hydrochloric   acid. 
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Fig.    16 — Macroetched    transverse   section   cut  from   specimen   258C.   Etchant, 
hot   50   percent   aqueous   solution    of   hydrochloric   acid. 
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Fig.    17- 


-Macroetched   transverse   section   cot  from   specimen   258D.    Etchant, 
hot   50   percent   aqueous   solution    of   hydrochloric   acid. 


30         Bulletin  634 — American  Railway   Engineering   Association 


Fig.    18 — Macroetched  transverse  section  cut  from   specimen   258E.   Etchant, 
hot   50   percent  aqueous   solution    of   hydrochloric   acid. 
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pig.    19 — Macroetched   transverse   section   cut  from   specimen   258F.    Etchant, 
hot   50   percent  aqueous    solution    of   hydrochloric   acid. 
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Fig.   20 — Macroetehed  transverse  section  cut  from  specimen  258G.   Etchant, 
hot   50   percent  aqueous   solution   of   hydrochloric   acid. 
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Fig.    21 — Macroetched   transverse   section   cot  from   specimen   258H.   E, chant, 
hot    50    percent    aqueous    solution    of   hydrochloric    acid. 
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Fig.  22 — Macroetched  transverse  section  cut  from  the  rail  on  one  side  of  the  welded 
joint  in  specimen  2581.  A  photograph  showing  the  macroetched  transverse  section  from 
the  adjoining  rail  is  shown  in  Fig.  23.  This  section  was  etched  with  a  50  percent  aqueous 
solution  of  hydrochloric  acid.  The  inserts  show  some  of  the  internal  rail  defects  at  a 
magnification    of    10  X. 


Fig.  23 — Macroetched  transverse  section  cut  from  ihe  rail  adjoining  the  one  shown  in 
Fig.  22.  This  section  was  etched  with  a  ho}  50  percent  aqueous  solution  of  hydrochloric 
acid.    The    inserts    show   some    of   the    internal    rail    defects   at  a    magnification    of    10  X. 
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Fig.  24 — Macroetched  transverse  section  cut  from  the  rail  on  one  side  of  the  welded 
joint  in  specimen  258J.  A  photograph  showing  the  macroetched  transverse  section  from 
the  adjoining  rail  is  shown  in  Fig.  25.  This  section  was  etched  with  a  hot  50  percent 
aqueous    solution    of    hydrochloric    acid. 


Fig.  25 — Macroetched  transverse  section  cut  from  the  rail  adjoining  the  section  shown 
in  Fig.  24.  This  section  was  etched  with  a  hot  50  percent  aqueous  solution  of  hydrochloric 
acid.    The    inserts    show    some   of   the    internal    rail    defects   at   a   magnification   of    10  X. 


18 


Bulletin    634  —  American    Railway    Engineering   Association 


Pig,  26 — Macroetched  transverse  section  cut  from  the  rail  on  one  side  of  the  welded 
joint  in  specimen  258K.  A  photograph  showing  the  macroetched  transverse  secfion  from 
the  adjoining  rail  is  shown  in  Fig.  27.  This  section  was  etched  with  a  hot  50  perceni 
aqueous    solution    of    hydrochloric    acid. 
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Fig.    27 — Macroetched    transverse    section    rut    fr«m    «u„         i       j-    •    • 
in    Fig.    26.     This    section    was    etched    with    a    ho      sn  \         °d|0,nm9    ,he    °ne    sh™" 

chloric    acid.  50    Percent    aqueous    solution    of    hydro- 
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Fig.    28 — Macroetched   longitudinal   section   cut  from   the   head   of  specimen    258B. 
Etchant,   hot   50  percent  aqueous  solution   of  hydrochloric  acid. 


Fig.    29 — Macroetched    longitudinal   section   cut  from   the   head  of  specimen   258D. 
Etchant,   hot  50  percent  aqueous  solution  of  hydrochloric  acid. 


Fig.    30 — Macroetched    longitudinal    section   cut   from   the    head   of   specimen    258F. 
Etchant,   hot   50   percent  aqueous   solution   of  hydrochloric  acid. 


Fig.    31 — Macroetched   longitudinal    section    cut   from   the    head   of   specimen    258H. 
Etchant,   hot  50  percent  aqueous   solution   of   hydrochloric  acid. 
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Fig.    32 — Photomicrograph   showing   the   grain    structure   in   specimen    258B. 
Etchant,    2    percent   nital;    magnification,    100X. 


F.'g.    33 — Photomicrograph    showing    the    grain    structure    in    specimen    258F. 
Etchant,    2    percent   nital;    magnification,    100X. 


Fig.    34 — Photomicrograph   showing   the   steel   cleanliness  of  specimen  258B. 
Not   etched;    magnification,    1 00  X  . 


Fig.    35 — Photomicrograph   showing   the   steel   cleanliness   of  specimen   258F 
Not    etched;    magnification,    1 00  X  . 


Part  2 

Rails  Produced  from   Strand  Cast  Steel  at  the 
Algoma   Steel   Corporation,   Limited 

INTRODUCTION 

The  four-strand  machine  for  casting  blooms  at  Algoma  was  commissioned  in 
September  1967,  and  the  two-strand  machine  for  casting  "dog-bone"  shapes  to  be 
rolled  directly  into  wide-flange  beams  commenced  operation  in  March  1968. 

The  first  steel  strand  cast  on  the  bloom  machine  for  standard  rail  was  produced 
in  May  1969;  after  metallurgical  evaluation,  some  75  tons  of  the  115-lb  rail  was 
laid  in  our  steel  plant  track  system  in  October  1969.  Since  that  time  a  total  of 
36  strand-cast  heats  have  been  produced  for  the  standard  rail  sizes  100  lb,  115  lb, 
and  132  lb,  and  have  been  accepted  by  a  number  of  railroads  to  ascertain  their 
acceptability  by  service  performance  evaluation. 

Under  the  auspices  of  the  Algoma  Central  Railway,  welded  and  unwelded  6-ft 
length  samples  of  115-lb  rail  were  submitted  to  the  Association  of  American  Rail- 
roads Research  and  Test  Department  for  evaluation.  A  report  on  this  investigation 
was  issued  in  October  1970.  [This  report  is  published  herein;  see  page  1.]  This 
concluded  that  the  physical  properties  of  rail  rolled  from  continuously  cast  blooms 
were  comparable  with  rail  rolled  from  ingots;  all  the  rolling-load,  slow  bend  and 
drop  tests  complied  with  AREA  requirements  and  established  comparable  per- 
formance with  conventional  rail. 

It  was  also  noted  in  the  AAR  report  that  the  transverse  macro-etch  of  rail  pro- 
duced from  strand-cast  blooms  is  different  in  several  respects  compared  with  rail 
produced  from  blooms  rolled  from  ingots.  With  the  objective  of  supplementing  the 
excellent  work  reported  by  AAR  we  have  made  a  comprehensive  evaluation  of  bloom 
structures  and  the  rail  structures  resulting  from  them.  It  is  the  intention  of  these 
notes  to  illustrate  the  characteristics  of  typical  bloom  and  rail  structures,  and  some 
variations  which  can  sometimes  occur. 

DISCUSSION 

Experimental  work  on  steel  rolled  from  cast  blooms  and  billets,  both  at  Algoma 
and  at  other  plants,  has  shown  that  a  minimum  reduction  ratio  of  5:1  in  cross- 
sectional  area  from  casting  to  rolled  product  is  necessary  to  resolve  the  micro- 
structure.  The  minimum  reduction  ratio  is  well  exceeded  for  the  rails  produced  at 
Algoma.  The  following  table  shows  the  reduction  ratios  of  bloom  to  rail  for  the 
bloom  sizes  cast  and  the  standard  rail  weights. 

Rail 

Weights  /Yard 

100 

115 

132 

It  will  be  seen  in  the  micro-photographs  presented  that  no  trace  of  as-cast 
structure  exists  in  the  rails,  which  were  115  lb  rolled  from  12/2-  x  10/2-inch  blooms. 

Fig.  1,  a  cross  section  of  a  typical  strand-cast  bloom,  shows  a  chill-cast  zone 
of  equi-axed  crystals  at  the  surface,  extending  to  perhaps  %  inch  deep  except  at  the 
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Bloom  Sizes  (Inches) 
12%  x  10% 

14  x  10% 

9.7 

8.4 

13.4 
11.6 
10.1 

15.0 
13.0 
11.4 
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corners  where  it  may  be  a  little  deeper.  Below  this,  the  structure  is  columnar,  with 
well  defined  dendrites,  except  for  a  central  area  of  randomly  oriented  grains. 

Central  porosity  is  a  characteristic  of  continuously  cast  steel  and  is  a  result 
of  the  relatively  fast  freezing  rate;  it  becomes  consolidated  on  rolling,  but  some 
trace  can  be  seen  in  die  rail  by  preferential  reaction  to  etching  reagents.  Although 
the  term  "central  porosity"  is  often  used,  the  term  "central  looseness"  is  more 
accurate  since  porosity  has  a  connotation  with  gas-evolution  on  freezing  and  with 
regularly  shaped  voids,  which  does  not  occur  in  this  central  zone  of  the  bloom. 

On  superficial  examination  after  macro-etching,  the  central  zone  resembles  that 
of  a  sulphide  and  carbon  rich  area  as  is  sometimes  found  in  steel  from  the  upper 
portions  of  ingots,  but  chemical  analysis  shows  little  difference  from  the  dendritic 
and  chill-cast  zones.  Chemically,  a  cast  bloom  or  billet  is  almost  homogeneous  on  die 
macro-scale;  there  is  little  indication  of  the  variation  in  chemical  composition  that 
exists  in  ingots,  which  freeze  much  more  slowly. 

Fig.  2  shows  the  micro-structure  of  the  chill-cast,  dendritic,  and  central  zones 
of  a  typical  cast  bloom,  in  cross-section. 

Fig.  3  shows  a  macro-etch  of  a  transverse  section  of  rail  rolled  from  a  typical 
cast  bloom.  In  the  web  may  be  seen  a  dark  streak  somewhat  resembling  die  type 
of  segregation  sometimes  found  in  ingot  steel.  This  condition  is  a  manifestation  of 
the  original  "central  looseness"  in  the  bloom,  but  is  structurally  sound.  The  dark 
etching  characteristic  is  believed  due  to  micro-segregation. 

Fig.  4  shows  the  micro-structure  of  the  rail  at  locations  corresponding  with  the 
chill-cast,  dendritic  and  equi-axed  zone  of  the  bloom. 

Longitudinal  corner  cracks  as  shown  in  Fig.  5  sometimes  occur  on  blooms  if  the 
contour  of  the  corner  of  the  mould  deviates  greatly  from  die  usual  configuration. 
Cracks  of  this  nature  are  readily  visible  and  can  be  removed  from  the  bloom  before 
rolling  by  chipping  or  grinding.  They  may  extend  to  %  inch  in  depth  as  shown. 
When  this  defect  is  observed  correction  can  be  made  immediately  after  completion 
of  casting  the  heat  by  grinding  the  mould  face  at  the  comer  or  by  replacing  with 
a  new  mould. 

Variations  in  structure  which  occur  in  strand-cast  steel  differ  from  those  thai 
are  found  in  ingot  steel.  A  condition  that  can  sometimes  be  found  is  shown  in  Fig.  6, 
which  shows  a  central  crack  in  a  transverse  section  of  bloom.  Cracks  of  this  nature 
are  the  result  of  over-cooling  the  bloom  in  the  spray-chamber  after  it  has  emerged 
from  the  mould. 

For  all  the  bloom  samples  and  corresponding  rail  samples  examined  to  date. 
the  central  cracking  within  the  range  of  severity  observed  has  not  resulted  in  an) 
cracks  or  physical  separation  in  the  final  rail.  It  should  be  noted  that  the  central 
cracks  which  occur  infrequently  are  always  parallel  to  the  lOK-inch  bloom  face.  The 
roll  pass  design  and  sequence  is  such  that  the  vertical  a\is  of  the  rail  is  always 
parallel  to  the  10J2-inch  bloom  faces;  this  will  materially  assist  in  consolidation  t>t 
this  bloom  defect  on  reheating  and  rolling  to  rail. 

Fig.  7a  shows  a  macro-etch  of  a   rail   rolled  from  a  bloom   with  tin-  condition. 
Kig.   7b   shows   the   micro-structure   under  nit.il   eteh   of   the   Webj    a   handed   <  ll 
visible.  The  same  structure  under  picral  etch   is  shown   In   Fig.   7c,  and  ran  1>< 
to  be  homogeneous  pearlite. 

Transverse  sections  of  blooms,  after  being  macro-etched  sometimes  displaj 
certain  features  below  and  parallel  t<>  tlie  surface.  The  condition  found  t.tkes  tli< 
form  of  dark  streaks  perpendicular  t<>  die  Burface  and  following  tin   (unction  betv 
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the  chill-cast  and  dendritic  /outs.  These  "radial  streaks"  in  the  bloom  persist  into 
the  rail,  as  shown  in  Fig,  <Sa  and  Fig.  8b. 

Superficial  examination  of  radial  streaks  in  blooms  would  suggest  that  they  are 

cracks  Or  discontinuities.  More  detailed  study  shows  that  the  streaks  are  not  con- 
tinuous, bul  consist  of  separate  etch  pits  so  aligned  as  to  appear  linear.  Figs.  9a  and 
9b  show  that  the  etch  pits  occur  at  the  site  of  inclusions  of  sulphide  type  of  small 
Size  and  following  a  structure  that  appears  on  a  uital  etch  to  be  strongly  handed. 
A  similar  appearance  with  a  nital  etch  is  found  in  the  rail  (Figs.  10a  and  10b). 
A  pieral  etch  (Fig.  10c),  however,  shows  the  banding  to  be  absent,  and  that  the 
entire  structure  consists  of  pearlite.  Micro-probe  analysis  confirms  that  both  the  dark 
ami  light  constituents  found  with  a  nital  etch  are  of  similar  composition.  The  electron- 
beam  microscope  has  clearly  established  that  both  phases  are  of  pearlite,  and  micro- 
hardness  testing  reveals  both  constituents  to  be  of  similar  hardness.  It  is  suggested 
that  this  difference  in  response  to  etching  reagents  may  be  explained  by  a  slightl) 
higher  level  of  manganese  in  solid  solution  in  the  ferritic  planes  of  those  pearlite 
lamellae   which   lie  between  the  major  dendrites. 

A  phenomenon  sometimes  observed  in  the  web  of  rails  after  macro-etching  is  a 
dark  center  surrounded  by  a  lighter  etch,  as  shown  in  Fig.  11a. 

Fig.  Hi)  shows  the  micro-structure  away  from  the  central  zone  of  the  web  to 
be  normal  pearlite,  while  Fig.  lie  shows  the  micro-structure  of  the  light  etching 
zone  to  consist  of  pearlite  with  some  intergranular  ferrite. 

It  was  remarked  earlier  that  sufficient  reduction  from  cast  bloom  to  rolled  rail 
had  taken  place  to  remove  evidence  of  as-cast  structure.  Figs.  12a  and  12b  provide 
a  comparison  of  transverse  structures  in  the  center  of  the  heads  of  rails  rolled  from 
continuously  cast  and  ingot  steel,  respectively.  Figs.  13a  and  13b  oiler  a  similar 
comparison  of  structures  in  the  longitudinal  plane. 

The  discussion  presented  so  far  has  to  a  considerable  extent  been  concerned 
with  abnormalities  in  strand-cast  steel  compared  with  rail  processed  from  ingot 
steel.  It  should  be  understood  that  such  conditions  occur  infrequently;  however,  they 
are  shown  in  order  that  you  may  have  a  clearer  understanding  of  conditions  that 
can  arise. 

An  obvious  advantage  over  ingot  steel  possessed  by  strand-cast  steel  is  a  major 
improvement  in  surface  quality;  surface  defects  arising  from  steelmaking  practice 
are  almost  entirely  eliminated. 

An  inference  that  can  be  made  from  the  information  presented  and  from  the 
nature  of  the  casting  operation  is  that,  should  strand-cast  steel  receive  general 
acceptance  for  rolling  into  rails,  considerable  changes  to  the  specification  would  be 
necessary.  The  entire  testing  and  identification  requirements  of  the  present  specifica- 
tions are  based  upon  the  ingot  as  a  fundamental  unit — e.g.,  nick  and  break  tests, 
drop  tests  are  taken  from  rails  at  upper  ingot  position,  rails  are  identified  by  letter 
from  upper  ingot  position  down.  The  testing  and  identification  of  rails  from  ingot 
steel  recognize  the  possibility  of  unsound  interior  conditions  and  occasional  severe 
segregation  at  the  ingot  top  position  inherent  in  the  freezing  characteristics  of  ingots. 
In  this  respect  it  should  be  noted  that  vertical  segregation  does  not  occur  in  strand- 
cast  steel.  This  may  well  lead  to  a  generally  improved  welding  performance  by 
eliminating  the  welding  problems  which  sometimes  arise  with  "top"  ingot  position 
rails. 

Ingots  of  course  do  not  exist  in  the  strand-casting  process,  and  therefore  totally 
different   concepts   of   testing   and   identification   would  have   to   be   developed,   and 
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approved.  During  the  course  of  the  extensive  development  work  performed  to  date. 

considerable  reliance  has  been  placed  upon  macro-etching  oi  bloom  samples  and  rails. 
The  comprehensive  sampling  of  blooms  for  macro-etching  is  a  costly  and  time- 
consuming  procedure  which  could  not  realistically  be  incorporated  as  a  specification 
requirement,  but  is  considered  necessary  as  part  of  our  development  program. 

Rail  identification  can  be  readily  applied  to  the  strand-cast  product.  The  proce- 
dure employed  SO  far  has  been  to  relate  the  rail  to  its  position  within  the  bloom 
length,  to  the  position  of  the  bloom  within  the  strand,  and  to  the  strand  and  heat 
identity  from  which  the  bloom  was  cut 

Almost  all  continuously  cast  steel,  for  all  products — forgings,  structurals,  plate, 
etc.. — is  fully-killed,  i.e.,  with  silicon  contents  over  0.15%  or  with  equivalent  deoxida- 
tion  levels  obtained  by  adding  aluminum  or  other  deoxidizers.  If  lower  deoxidation 
levels  are  used,  as  in  making  semi-killed  ingot  steel,  the  structure  is  so  spongy  as  to 
produce  large  surface  seams  on  the  rolled  product.  Steel  for  rails  is  no  exception; 
it  must  be  fully-killed  if  continuously  cast,  necessitating  raising  the  upper  permissible 
silicon  limit  to,  perhaps,  0.302  or  0.35%. 

These  notes  have  concerned  themselves  only  with  some  metallurgical  features 
of  the  structure.  It  must  be  recognized  that  a  similar  study  of  ingot  steel  would 
reveal  features  equally  as  interesting,  yet  rails  from  ingot  steel  have  generally  been 
reliable  in  performance.  Performance  in  service  will  ultimately  provide  the  basis  of 
general  acceptance  of  rails  from  strand-cast  steel.  Rails  from  blooms  cast  at  Algoma 
have  now  been  in  main-line  service  since  June  1969,  and  are  expected  to  provide 
normal   service  life. 
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chill    zone 


columnar    zone 


equiaxed    zone 


Fig.    3 — Macrosrructure   of   rail    in    relation   to   macrostructure   of   bloom. 
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CHEMICAL  COMPOSITION  OF  TYPICAL 
RAIL    BLOOM 
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Fig.    6 — Transverse   section   of  bloom   exhibiting   center  cracking. 
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Kershaw  Trackwork  Machines 


Weed  And  Brush  Cutter  (Track  Patrol) 

Designed,  Tested,  and  Proven 

on  America's  Railroads 

Kershaw 


MANUFACTURING  CO 


MONTGOMERY 


W 


ALABAMA 


["rackwork  Equipment  Developed  and  Proven  On  the  Job 

eavy  Duty  Ballast  Regulator,  Scaritier  and  Plow,  Standard  Ballast  Regulator,  Sacritier  and  Plow, 
ack  Broom,  Super  Jack-All,  Standard  Jack-All  Kershaw  Kribber,  Two-Wheel  Kribber,  Tie  Bed  Sacrifier 
ie  Inseter,  Track  Undercutter-Skeletonizer,  Ballast  Cleaner,  Crib-Adze,  Mocar  Crane,  Track  Crane  and 
ie  Inserter,  Utility  Derrick,  Two-Ton  Rail  Derrick,  Tie  Replacer,  Dual  Tie  Saw,  Track  Liner,  Snow 
witch  Cleaner,  Weed  and  Brush  Cutter  (Track  Patrol). 


60-2  Advertisement 


WOODINGS-VERONA  TOOL  WORKS 


yf  Pioneer  Mannlacturers 

of 

HIGH  GRADE  TRACK  TOOLS 

and 

SPRING  WASHERS  FOR  TRACK 

Since  1873 

VERONA.  PA.  CHICAGO.  ILL. 


WOODLNGS  FORGE  &  TOOL  COMPANY 

Makers 

of 

WOODINGS  RAIL  ANCHORS 

VERONA.  PA.  CHICAGO.  ELL. 


eFor   Quality   Products 
and 
Application   Service  .  .  . 

RAILROAD  VEGETATION  CONTROL 

THE  R.  H.  BOGLE  COMPANY 

P.  O.   Box  588 
ALEXANDRIA,  VA.   22313 

Memphis,  Tenn.  Alva,  Okla. 

Jacksonville,   Fla. 


Advertisement 
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TIE  HANDLER  from  RTW... 


with  24-foot-reach 
articulating  boom! 

Lifting  capacity-1500  lbs.  at  12' 6"  to 
750  lbs.  fully  extended. 


•  New  rotating  deck  design 
...no  adjustments  needed 

•  Thermostatic  controlled 
oil  temperature  in 
hydraulic  circuit 


•  Low  maintenance 

•  Hydrodynamic  plus 
mechanical  brakes, 
on  all  four  wheels 


Many  other  features  for  high  production,  low  maintenance.  Choice  of  two 
other  tubular-type  booms  (all  interchangeable):  Fixed  24-ft..  and  manually 
adjustable  18-24-ft.  From  RTW.  the  people  with  the  longest  experience  in 
tie  handling.  Get  full  details  today.  Call  (215)  739-4281. 


RTW 


OTHER  ITW  MAINTEHANCE  EQUIPMENT- Soltek  kWM •  Cfilt  Cundeti •  S.tlJCf  Cmitti •  Mil  MM •  Tit  Hi»lletl 

RAILWAY  TRACK-WORK  CO.  ™>?  K,nW|i.n  av»  .  phiimwhw*.  p.  ms.  •  a«.m»:  ch,ci0 

-  Collin*    Equipment    Co     •    Mouilon  -  Sarv.c.    Equipmant    1    Suppl/    Compan/    •    Lot    Ang.laj  - 
Simkint   Company    ■    Louiiv.ll.       I    f    Going   •   Omaha  -  Dodga    I  i.|in»mn|   Company    •    St     Looii 

-  R.   C.  Ball  Co.   •  Canada:   Mont. aal  -  Wording*  Canada  ltd    •  Winnlpaf       H.r..,   Iqu.pmant  Co 


RRI 
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KERITE 
CABLE 


For  dependability  in  actual  use,  no  other  cable 
matches  Kerite.  We  believe  you  will  be  im- 
pressed by  the  evidence. 

THE  KERITE  COMPANY 

PRINCIPAL  OFFICES:  Boston;  Chicago;  New 
York;  Philadelphia;  San  Francisco;  and 
Seymour,  Connecticut  •  Sales  Representa- 
tion throughout  the  United  States.  A  sub- 
sidiary of  Harvey  Hubbell   Incorporated. 

RITE  insulation  that  makes  the  difference 


A  tradition  of  service  .  .  . 


*  Water  Treatment  Chemicals  Protecting  Diesel  Cooling 
Systems  and  Steam  Generators 

*  Weed  and  Brush  Control  Chemicals 

*  Fuel  Oil  Additives 

*  Pollution   Control   Chemicals   and   Consulting   Services 

*  Wheel   Flange   Lubricators 


NALCO    CHEMICAL   COMPANY 

1BO   N.  MICHIGAN   AVENUE     a     CHICAGO.ILLINOIS   6D601 

JZ*co     Trademarks  of  Nalco  Chemical  Company 


NALCO 
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Channeloc 

works 

harder, 

longer.. 


Talk  re-application  and  you're  bound  to  talk  Channeloc? 
For  test  after  test  has  proved  its  comparative  superi- 
ority in  maintaining  the  needed  reserve  strength  Tor 
time  after  time  reusage.  Not  that  plenty  more  can't 
be  said  about  Channeloc  holding  power,  its  ability  to 
do  the  job  without  rail  damage  during  application  or 
while  in  service. 


and  so  do  we! 


(Til  True  Temper 

(SsS>        RAILWAY  APPLIANCE    OIVISION 


Channeloc  works  harder,  longer.  And  so  do  (he 
track  maintenance  experts  of  our  Railway  DM- 
sion  field  service  team.  More  often  than  not 
you'll  see  them  present  when  (hannelocs  are 
installed  and  they  make  repeated  checks  to 
advise  railroad  personnel  of  any  unusual  con- 
dition affecting  the  service  life  of  the  anchors. 

Very  practical  reasons  why  more  welded  rail 
is  restrained  by  True  Temper  Channeloc  rail 
anchors  than  by  any  rail  anchor  on  the  market. 

In  addition  to  Channeloc,  True  Temper  has  a 
new  concrete  rail  tie  clip  —  the  Cliploc'  —  now 
in  successful  service  on  several  major  railroads. 
Kind  out  more  about  how  Cliploc  will  solve  your 
concrete  tie  installation  problems! 
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THE  DOUBLE  U  RAIL  ANCHOR 

ACHUFF  RAILWAY  SUPPLY  CO. 
ST.  LOUIS,  MO. 


Du-Wel  Steel  Products  Co 

RAILWAY   EXCHANGE   BUILDING 

TELEPHONE  HARRISON  7-8257 
Chicago  60604 

BOUTET  Process 

(IN-TRACK) 

Rail    Welding 
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New-Universal 
Track  Machine 

maintains  track  right-of-way  faster, 
better  than  any  other  method 

This  new  concept  in  railway  maintenance  equipment  is  designed 
to  perform  all  functions  simultaneously  in  a  single-pass  operation 
to  provide  the  ultimate  in  railway  track  drainage  efficiency. 

It  is  the  only  equipment  available  that  performs  maintenance 
coupled  with  the  ability  to  utilize  highway  crossings  for  quick  track 
clearance  and  fast  movement  from  job  to  job. 

The  UTM,  with  a  single  operator  and  3-mph  production  rate, 
destroys  shoulder  and  tow  path  weed  growth  and  eliminates  mud 
pockets. 

The  "plus"  feature  of  this  machine  is  its  ability  to  move  quickly 
from  track  to  highway  operation.  It  can  be  removed  from  the  track 
in  15  to  20  seconds  and  placed  back  on  track  in  less  than  a  minute. 
Result:  More  "on-track"  work  time! 

The  Universal  Track  Machine  is  available  on  lease,  sale,  or  service 
contract  basis.  For  additional  information,  write  or  telephone: 

RAILWAY  PRODUCTS  CO. 
A  DIVISION  OF  THE  MARMON  CROUP,  INC. 
P.O.  Box  1 51 1 .  Knoxville.  Tenn.  37901 
*.  ■ '-'  M  |RM  B\    615  525-6224 
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SEALTITE    HOOK   BOLT 

Fastens  timbers  and  ties  to  steel  beams.  Easy 
to  install,  long-life.  Fins  prevent  turning. 
Spring   lock   holds  tension. 


SEALTITE    SPRING    LOCK 

Maintains   tension   as  timber 

changes   by  weather  or  wear. 


SEALTITE    DOME    HEAD    DRIVE   SPIKE 

Fastens  timbers  and  plank  decking  on  grade  crossings, 
bridges  and  docks.  Wide,  smooth  head  seals  opening, 
wears  well. 


\        LEWIS   WASHER   HEAD   TIMBER    DRIVE   SPIKE 

Fastens  highway  crossing  planks,  bridge  guard  rails  and 
general    timber    construction.    One-piece    head.     Easy    to 


e 


install   and    remove. 

LE"WIS  BOLT  &  NUT  COMPANY 

504  MALCOLM  AVE.  S.E.,  MINNEAPOLIS,  MINN.   55414 


CUT  TIE  REPLACEMENT  COSTS 


Racine  Plate-Boy  cleans  ties,  lifts  rails 


Racine  Plate-Boy  quickly  pays  for  itself  by 
reducing  the  cost  of  cleaning  ballast  from 
ties  and   inserting  the  tie  plates. 

Used  behind  the  tie  inserter  and  tamper, 
Plate-Boy  sweeps  the  ties  on  both  sides  of 
each  rail,  and  lifts  both  rails  just  the  proper 
amount  to  insert  the  tie  plates.  Sensitive 
hydraulic  controls  prevent  excessive  "hump- 
ing" of  rails. 

Only  an  operator  and  one  laborer  are 
required,  saving  the  work  of  two  men.  Costs 
are  further  reduced  by  using  reclaimed  air 
hoses   for  broom    bristles. 


To  find  out  how  this  dual-purpose  ma- 
chine can  help  you  beat  the  labor  shortage 
and  high  M.W.  costs,  see  your  Racine  dis- 
tributor, or  write. 


RACINE  RAILROAD  PRODUCTS,  INC. 


1524  FREDERICK  STREET 
ANCHOR-FAST  •  ANCHOR-TIGHT 
OIL  PRESSOR   •  ANCHOR-MATIC 


•  RACINE,  WISCONSIN  53404 
PLATE-BOY  •  RAIL  SAW  •  RAIL  DRILL 
TRACK  GAUGER   •   BALLAST  CRIBBER 


Advertisement 
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Advertisement 


(RPOC 


TRACK  MAINTENANCE 
MACHINES 


TRACK  MACHINES 

Auto-Spiker 
Ballast  Distributor 

—Distributor/Cleaner 
BoltMaster 
Bridge  Tool  Machine 
Brush  Cutter 
Electronic  Surfacing 

Devices 
LlneMaster 
Bail  and  Joint 

Stralghtener 
Rail  Saw-Drill 

Combination 
SpikeMaster 
Spiker-Spacer 
TieMaster 
Track  Broom 


Tie  Spacer 

RAIL-LAYING  EQUIPMENT 

Tie  Unloader 

Dual  Welded  Rail 

Tie  Plate  Broom 

Laying  Equipment 

Gauging  Machine 

Plug  Setter 

TAMPERS 

Rail  Oiler 

Hydramatlc-16 
Hydraulic-16 
Multi-Purpose-8 
Hydraulic-8 

Rail-Laying 

Auto-Spiker 
Rail  Anchor  Cart 
Scrap  Loader 

Spike  Distributor  Cart 

Switch  Spot 

Tie  Plate  Gauger 

Spot  Switch 

SPOT  SYSTEMS 

(For  Repair  and  Cleaning) 

Car  and  Locomotive 

SNOW  BLOWERS 

Pullers 

Typhoons 

Jacks,  Jip  Cranes 

Hurricane  Jets 

Retarders 

RAILWAY  MAINTENANCE  CORPORATION 

Box  1888  •  Pittsburgh,  Pa.  15230  U.S.A. 

Export  Sales:  American  Export  Company  (AMECO) 
228  No.  LaSalle  St.,  Chicago,  Illinois  U.S.A. 


Assure  lower  maintenance  costs,  better  performance  with 

Texaco 

Railroad  Lubricants 

and  Systematic 

Engineering 

Service 


New  York  •  Atlanta  •  Chicago  •  Minneapolis  •  St.  Louis  •  San  Francisco 
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NEW 

Stop  Clamp 
Fittings 

Provide  easy  hand 
assembly  of  large 
size  hydraulic  hose. 

Just  tighten  the  bolts  until 
clamp  halves  stop  drawing. 
No  torque  wrench  is  needed. 
Stop  Clamp  Fittings  elim- 
inate problems  of:  gap  be- 
tween halves,  hose  cutting 
and  cold  flow  of  rubber.  They 
provide  clamp  coverage  all 
the  way  around  the  hose. 
Aeroquip  Corporation,  In- 
dustrial Division,  Jackson, 
Michigan  49203,  a  subsid- 
iary of  Libbey-0 wens- Ford 
Company. 

FREE!  For  more  informa- 
tion, Aeroquip  Industrial 
Bulletin  5101. 


% 


eroquip 


INDUSTRIAL  DIVISION 
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HABCOj     Satisfaction  through  service 


Specialists   and   manufacturers   in   the   field   of   vegetation   control. 

SOIL  STERILANTS  CONTACT  CHEMICALS 

GRANULES— HABCO   HYCHLOR    .    .    .    HABCO  DACONATE    .    .    .    DACAMINE    .    .    .    2,4-Ds 

5H    .    .    .    HABCO    10K    .    .    .  OF  ALL  KINDS 

HABCO    10T    .    .    . 

LIQUIDS     — CHLORATE-BORATE  .  .  .  HYVAR  BRUSH   CONTROL 

X    .   .    .    KARMEX    .    .    .    TELVAR  AMMATE  .    .    .   DYBAR    ...    ALL   COMBINA- 

.   .   .   ATRATOL   .    .    .    PRAMITOL  TIONS   OF   2.4-D   AND  2,4,5-T 

YOUR  APPLICATION   OR   OURS 

Horne-Boatright  Chemical  Company,  Inc. 

Our  regional   representatives  are  as  close  as  your  telephone. 

Douglas  Boatrighl  Robert  E.   Lund 

Room  604,  Transportation   Bldg.  1040  Coulter 

Birmingham,  Ala.   35203  Winnipeg  3,  Manitoba 
205/252-6715  204/786-3421 

Donald  E.  Home  John  A.  Forderhase 

7301    West  Lake  St.  2251    Armour  Road 

Minneapolis,   Minn.   55426  North   Kansas   City,   Mo.   64116 
612/929-4689  816/421-1488 


Lefton  Iron  &  Metal  Co, 

Executive   Office:  205  So.   17th  St.  •   East  St.  Louis,  III. 

PHONE   (314)   241-7100 

Your    Best    Source 

for 

RELAYING    RAILS,    ACCESSORIES, 
TRACK    SPIKES    and    BOLTS 

NEW     and     RELAY 

TRY  US  FOR  REAL  SERVICE! 

and  SAVINGS 

ALL  INQUIRIES  PROMPTLY  HANDLED 

2/««  1913 


&m&OAv 
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Portec  T-Power 
Fair  Rail  Anchors 

Portec  Rail  Joints 
—Five  Types 

Poly-Insulated,  Continuous 
Insulated,  Armored  Insulated, 
Compromise  and  Portec 
Headfree  Rail  Joints. 

The  number  one  performer— 
gutsy,  durable,  superior 
bearing  area,  won't  tilt 
or  chew  through  ties. 

^^_    .       "JT 

1 

Portec 

Rail  &  Flange 

Lubricators 

Portec 

Reversible  Switch 
Point  Protectors 

Portec 
Rail  Titan 
Batteries 

Portec  Railway  Products . . . 
each  one  number  one  in 
performance  and  dependability 


Be  foresighted  with . . . 

PORTEC 


inc. 


RAILWAY  PRODUCTS  DIVISION 


300  Windsor  Drive  •  Oak  Brook,  Illinois  60521  •  In  Canada:  Portec.  Limited  •  Montreal.  Quebec 
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JACKSON 

MODEL  4000  TAMPER 


The  Versatile  Maintenance  Tool 


We  call  our  popular  Model  4000  tamper  The 
Versatile  Maintenance  Tool,  because  that's  what 
it  is.  A  lot  of  people  agree  with  us  ...  on  trunk 
and  short  line  roads,  in  plants  and  among  railroad 
contractors.  The  Jackson  Model  4000,  you  see, 
delivers  high  quality  vibratory  tamping  in  any 
kind  of  lift.  It  is  so  effective  at  tamping  low  joints 
because  of  its  ability  to  nip  ties  out  of  cemented 
or  mucky  ballast,  that  the  Jackson  Model  4000 
tamper  is  the  preferred  machine  for  this  type  of 
service.  It's  equally  efficient  on  main  lines,  in 
yards  and  at  switches. 

The  Model  4000  is  loaded  with  features,  start- 
ing with  the  famous  Jackson  patented  vibratory 
system,  suspended  on  the  latest  rigid  work  head 
configuration  which  gives  more  tamping  force 
than  any  comparable  unit.  It  is  equipped  with 


pneumatic  tires  and  can  legally  travel  on  hard 
surface  roads,  at  up  to  23  MPH,  carrying  its  crew 
to  and  from  the  job  site.  It  is  easily  placed  on 
track  or  removed,  at  grade  crossings.  The  Model 
4000  is  the  only  tamping  machine  designed  as  an 
on  and  off  unit  from  the  wheels  up.  Of  course,  it's 
quality  built  throughout,  or  it  couldn't  wear  the 
Jackson  "J". 

With  rail  clamps  and  jacks  as  standard  equip- 
ment, the  Model  4000  can  be  used  with  a  light 
beam  for  precise  electronic  control  of  surfacing. 

Here's  a  suggestion  .  .  .  contact  Jackson  today 
and  get  the  full  story  of  how  other  equipment- 
wise  men  are  getting  everything  they  want,  and 
more,  from  the  Model  4000.  A  demonstration  will 
convince  you,  as  it  did  them,  that  the  Jackson 
Model  4000  is  THE  Versatile  Maintenance  Tool. 


JACKSON  VIBRATORS,  INC. 

332  South  Michigan  Avenue,  Chicago,  Illinois  60604 
Telephone:  312-922-6604  •  CABLE:  JAKTAMP 


Advertisement 
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Here's  the  Best-of-Everything,  New, 

JACKSON  5000  SYSTEM 


Jackson  has  developed  a  new,  automated,  tie  tamping 
machine  that  is  the  first  to  give  you  the  best  of  all  three 
types  of  tamping  .  .  .  vibratory,  squeeze  and  impact.  For 
over  forty  years  Jackson  has  proved  that  vibration  is  the 
most  positive  method  of  placing  ballast  under  lies  with 
a  minimum  of  void  and  no  destructive  pulverizing. 

Now,  without  sacrificing  the  effectiveness  of  vibratory 
tamping,  we  have  incorporated  a  new  double  squeeze 
system.  This  first  of  its  kind,  anywhere,  Jackson  5000 
System  is  the  first  major  improvement  in  tamping 
methods  in  years. 

The  command  module  features  all  solid  state  fingertip 
controls,  full  visibility  and  an  efficiency-designed  work- 
ing environment. 

The  automatic  surfacing,  lining  and  tamping  module, 
built  on  a  truss  beam  lifting  concept,  has  no  shoulder 
jacks  or  other  projections  to  interfere  with  close  clear- 
ance. The  Jackson  5000  System  clamps,  lifts  track  and 
tamps  by  simultaneous  vibratory,  squeeze  and  impact 
action  to  place  uniform,  high-density  ballast  compaction 


right  where  it's  wanted  .  .  .  under  the  ties  at  the  base  of 
the  rail.  Forget  about  center  bound  track  with  this  unit. 

The  combination  vibratory,  squeeze  and  impact  work- 
heads  simultaneously  direct  ballast  toward  the  tie  and 
toward  the  base  of  the  rail  at  pressures  adjustable  to  2000 
psi  in  each  direction.  This  double  squeeze  action  is  fur- 
ther enhanced  and  the  ballast  super-condensed  by 
Jackson's  famous  vibratory  action  at  4500  vpm.  Our 
tests  show  work  capability  of  1600  feet  per  hour,  with 
one  insertion  for  normal  raise. 

The  5000  System  is  designed  to  work  with  Jai 

ntrol  for  surfacing  and 
lining. 

If  you're  looking  for  a  suj>erb  quality,  precision  auto- 
unping  workhorse  that  include!  the  latest  think- 
ing in  vibratory,  squeeze  ami  Impact  forces  electronically 

directed  and  applied  to  high  production  surfacing  and 
lining  operations,  the  new  Jackson  5000  System  has  it  all 

Contact  HI  far  ■■  lull  llaocrlptlnn  and  a  demonstration 


JACKSON  VIBRATORS,  INC. 


332  South  Michigan  Avonu 
CABLE    JAKTAMP 


Toliphono  31 2  922  6604 
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SAVE  $366.34  PER  MILE 

OF  DITCHING  AND  PROFILING.    HOW? 
WITH  A  JORDAN  DITCHER-SPREADER 


Figure  it 
out  for 
yourself 


USING  A  JORDAN  SPREADER 

1  Jordan  with  work  train 

(including  fuel  and  rental) $300.00 

2  Operators:  $35.00  each 

per  8-hour  day 70.00 

370.00 
Work  on  track:  6-hours 

per  day  ($370  -  6)  =  61 .66  per  hour 

A  Jordan  can  do  one  mile  per 

hour"  profiling  and  ditching. 

Cost  per  mile 61.66  per  mile 

Number  of  miles  of  work  per 

6-hour  day 6 

"A  Jordan  works  both  sides  of  the  track  simultaneously. 


Jordan  moving  material  fr( 

USING  OFF-TRACK  EQUIPMENT 

1  1 80  HP  crawler  tractor,  with  dozer 

blade,  per  day $155.00 

Operator  and  fuel 90.00 

1  Motor  Grader,  diesel 98.00 

Operator  and  fuel 85  00 

Cost  per  8-hour  day  $428.00 

This  off-track  equipment  can  profile  and 
ditch  both  sides  of  a  1-mile  stretch  of 
track  in  an  8-hourday." 

Cost  per  mile  $428.00 

Number  of  miles  of  work  per  8-hour  day 1 


"Costs  and  figures  are  averages  and  will  vary  depending  upon  local  conditions  and  material  being  worked. 


Everybody  agrees  drainage  is  important... and 
that's  what  a  Jordan  gives  you. ..the  profiling 
and  ditching  that  mean  good,  long-lasting 
drainage.  Off-track  equipment  can,  too,... at 
one-sixth  the  speed  and  about  700%  more  cost. 
You  can  choose  between  $61.66  per  mile  and 
$428.00  per  mile. 

For  years  Jordans  have  been  acknowledged  as 
the  most  efficient  and  economical  movers  of 
huge  amounts  of  material.  They're  for  the  big, 


tough,  expensive  jobs.  And  today  they're 
better-than-ever  because  of  new  instant-action 
hydraulic  controls  and  a  new  corps  of  service 
engineers  who  teach  improved  Jordan  opera- 
tion and  maintenance  techniques. 

If  you'll  contact  us  we'll  tell  you  about  the 
Jordan. ..as  a  super-ditcher/profiler,  a  massive 
mover  of  dirt,  and  a  snowplow's  snowplow. 

What  can  you  lose  except  $366.34  per  mile? 


0.  F.  JORDAN  COMPANY 


DIVISION  OF  JACKSON  VIBRATORS,  INC. 

332  South  Michigan  Avenue,  Chicago,  Illinois  60604    312-922-6604 
Cable:  JAKTAMP 
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PILEGARD 

PROTECTS  THE  WATERFRONT 


THE  PROBLEM- 


® 


THE  ANSWER- 


PILEGARD 

IS  A  SIMPLE, 

EFFECTIVE, 

ECONOMICAL 

PROCESS  FOR 

PRESERVING 

AND  PROTECTING 

WOOD  PILES 

IN-PLACE 

AGAINST 

MARINE  BORER 

DAMAGE 


Osmose  Wood  Preserving  Co.,  a  leader  in  solving 
wood  maintenance  problems  since  1935,  recently 
acquired  world  production  and  marketing  rights  for 
PILE'GARD®.  Now  the  23  years  of  proven  service 
life  experienced  by  certain  West  Coast  ports  is 
available  to  all  port  authorities  and  dock  owners. 


Write  today  for  literature 
and  complete  information. 


OSMOSE  MARINE  DIVISION 


r4915  Monona  Dr.  •  Madison,  Wisconsin  53716 
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EXPERIENCED  SPECIALISTS 

IN  THE  REPAIRS  OF 

RAILROAD  STRUCTURES 


i  •'£'..      I  CORPORATION 

urzillo 


FOUNDATIONS,  UNDERPINNING  AND  INVESTIGATIONS 
AUGERCAST™  Piles  (U.  S.  patent  protected) 

•  For  new  foundations  and  underpinning 

(placed  without  vibration) 

•  Cutoff  walls  —  Low-headroom  piles 

•  Tie  Backs  —  Tension  Pile  and  Anchors 

PRESSURE  GROUTING 

•  Arresting  settlement  of  structures 

•  Cutoff  curtains  —  Bearing  treatment 

•  Consolidation  of  loose  materials  —  Soil  stabilization 

•  Mine  shaft  grouting 

•  BAGPIPE»m  Grout  Method  (U.  S.  patent  protected) 

•  Cement  base  grouting 

•  Chemical  grouting  ("FIRM-UP")tm 


CONCRETE  AND  MASONRY  STRUCTURAL  REPAIRS 

•  Bridges,  dams,  powerplants,  drydocks 

•  Complete  modernization  dams  and  power  houses 

•  Scour  repairs  —  Cofferdam  seals 

•  Stone  masonry  &  concrete  repairs 

•  Industrial  maintenance  —  Tunnel  lining  repairs 

•  Repairs  to  precast  and  driven  concrete  piles 

•  Encasement  of  wood  and  steel  piles 

PREPLACED  AGGREGATE  CONCRETE 

•  Cofferdam  seals 

•  Encasement  of  scroll  cases 

•  High  density  concrete  for  shielding 

•  Concrete  and  masonry  structural  repairs 

•  Underwater  concrete  —  Diving  inspections 


9329   RIVERVIEW   ROAD    .    CLEVELAND,  OHIO  44141 


■   TELEPHONE  216/526-4391 

JACKSONVILLE  •  MINNEAPOLIS  •   MEMPHIS 


ATLANTA  •    BALTIMORE   •    CHICAGO  •    DETROIT  •    FT.  LAUDERDALE  •    HOUSTON 

OMAHA 'SEATTLE 
AFFILIATES:  LEE  TURZILLO  CONTRACTING  CO.  •  AUGERCAST  PILE  &  FOUNDATION  COMPANY 


ESCO 

To  the  Railroads 
What  18  Carat  Is  to  Gold 


JIM  DICKEY 
TOM  GEHR 
TOM  KENNEDY 


St.  L 


OUIS 


Chicago 


Philadelphia 


LAYING  WELDED  RAIL 


MODEL  441 

Developed  and  Built 
for  Railroad  Maintenance 

180°  BOOM  SWING 

BOBS  ALL  JOBS! 


CUTS     MAINTENANCE     COSTS 


72  FAST  CHANGE  ATTACHMENTS 


•  Forks 

•  VA  Cu.  Yd.  Bucket 

•  Tote  Hook 

•  18'  Boom  Extension 

•  Fork  Tie  Baler 

•  Track  Cleaning   Bucket 


•  Back  Hoe 

•  Clamshell 

•  Back  Filler  Blade 

•  Pull  Drag   Bucket 

•  4  Cu.   Yd.   Snow  Bucket 

•  Pile  Hommer 


Optional  Attachment 
Flanged  Wheels,  Hydraulically  Controlled 


PETTIBONE  MULLIKEN  CORPORATION 


RAILROAD 

141    W     JACKSON 


DIVISION 

CHICAGO    4,    III 


>     WIDE   TRACK   CLEANING   BUCKET' 


80   Years  of  Service 
to  the  Railroad  Industry 
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Subox®  covers  in  one  coat,  goes 
on  over  old  surfaces,  lasts 
indefinitely,  prevents  corrosion 
from  above  and  beneath  and  it 
won't  crack  or  peel.  It  even  pro- 
vides an  excellent  surface  for 
repainting  years  from  now. 

You  can  count  on  it  with  a  Subox 
system,  from  BASF  Wyandotte. 
We  provide  practical  on-the- 
site  help  in  surface  preparation 
learned  in  our  many  years  of 
experience  in  metal  cleaning 
and  treatment.  Plus  the  applica- 
tion techniques  needed  for  your 


particular  considerations. 

Let  us  convince  you  with  the 
proof  —  some  of  the  most  inter- 
esting case  histories  you'll  ever 
see.  Our  BASF  Wyandotte  Subox 
coating  representatives  are  itch- 
ing to  show  them  to  you. 

Don't  settle  for  less  than  Subox 
coatings.  Send  the  coupon  today! 


BASF  Wyandotte  Corporation 
Wyandotte,  Michigan  48192 


Our  Subox  one-coat 

anti-corrosive  coating 

system  really  works 

(send  coupon  for  proof!) 


BASF  Wyandotte  Corporation 
Chemical  Specialties  Division 
Railroad  Sales  Department 
Wyandotte,  Michigan  48192 

Gentlemen: 

O.K.   Prove  it!   I'd   like  to  see  your  case  histories  on  Subox  system 

applications. 

Name 


Company. 

Address 

City 


.State. 


-Zip. 
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complete 
culvert 


Consider  for  a  moment  your  problem  culverts  —  if  you 
have  "pat"  solutions  you  may  be  substituting  for  the  best 
solutions. 

Let  us  inspect  and  make  our  recommendations  to  you 
without  obligations. 


EXPERIENCE  —  our  years  of 
experience  have  taught  us  not  to  jump 
to  conclusions  where  culverts  are 
concerned.  Experience  is  beneficial 
to  us  and  to  our  customers  where 
railroading  is  concerned. 

COMPARATIVE  STUDY  —  various 
alternatives  for  culvert  rehabilitation  is 
a  must.  After  a  thorough  check  the 
Restoration  Division  of  Penetryn  will  be 
able  to  determine  the  economical 
answer  to  the  alternatives.  Repair? 
Line?  Install  Pipe?  They  will  know 
the  proper  solution  for  individual 
culvert  restoration. 

ANALYZE  —  the  Restoration  Division 
of  Penetryn  will  provide  you  with  the 
solution  only  after  analyzing:  costs  . . . 
drainage  requirements  . . .  design 
restrictions  . . .  structural  conditions 
. . .  fill  changes  and  floor  requirements. 

You  might  feel  you  have  an  easy 
solution,  but  is  it  the  best  solution? 
Ask  us. 


MAIN  OFFICES: 


PENETRYN 


PENETRYN  SYSTEM,  INC. 
RESTORATION  DIVISION 

38399  PELTON   RD. 

WILLOUGHBY,  OHIO  44094 

PHONE  (216)  946-4450 

424  OLD  NISKAYUNA  RD. 

LATHAM,  NEW  YORK  12110 

518-785-6669 


NATIONWIDE  RAILROAD  CONTRACTING  SPECIALISTS  FOR  MORE  THAN  40  YEARS. 
Penetryn  also  specializes  in  tunnel  and  bridge  restoration  —  chemical  and  cement  grout  con- 
solidation and  waterproofing. 
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PLASSER 


J~' resents  ~M no th 

3ird  With 


The  laser  beam  provides  a  2,500-foot  foresight  or 
more  if  desired.  You  can  remove  swings  and  inter- 
mediate discrepancies  within  1/32  of  an  inch  of 
perfect  straight  line  in  that  length  segment  of  finished 
track. 


fLASSf> 

*>*       F  °  R         «  J 
-^ORMANS^ 


"Cannon"  of  self-propelled  front  buggy 
generates  laser  beam  that  takes  the 
form  of  a  vertical  plane  3A  inch  thick. 
Laser  beam  is  projected  to  Plasser  Uni- 
versal 06-16  tamper-liner  approximately 
2500  feet  in  background. 


THE  PLASSER  TRADE-MARK  IDENTIFIES  PRODUCTS  WHICH 

YOU  CAN  BUY  WITH  COMPLETE  CONFIDENCE 

THAT  EACH  UNIT  IS  THE  FINEST  OF  ITS  KIND. 

ALL  OF  PLASSER'S  RESOURCES,  ITS  LONG  YEARS 

PLASSER  CANADIAN  CORPORATION 

2705  MARCEL  STREET 
MONTREAL,  QUEBEC,  CANADA  382 


Advertisement 
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Laser  Beam  Lining 


The  laser  beam  is  not  affected  by  wind,  dark,  light, 
heat  or  cold,  or  fog,  always  providing  a  true  source 
of  reference  so  that  large  or  small  corrections  can 
be  made,  producing  perfect  straight-line  track. 


Receiver-sensor,  mounted  on  front  end 
of  Plasser  Universal  tamper-liner,  acts 
to  cause  long-chord  wire  of  lining  de- 
vice to  be  brought  into  line  with  laser 
beam,  thereby  causing  corrections  in 
alignment  to  be  made  automatically. 


OF  EXPERIENCE,  THE  TECHNICAL  SKILLS  OF  ITS  COMPLETE 
LABORATORIES  AND  TEST  DEPARTMNTS  STAND  BEHIND 
THIS  PLEDGE.  YOU  CAN  EXPECT  INNOVATIONS 
FROM  PLASSER. 

PLASSER  AMERICAN  CORPORATION 

EXECUTIVE    OFFICE:    332    SO.   MICHIGAN    AVE.,    CHICAGO,    ILL.    60604  ^ftASsT^ 

GENERAL   OFFICE   &   PUNT:    2001    MEYERS    ROAD,  CHESAPEAKE,   VA.   23324    M^ORMA^ 
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TELEWELH 


INC. 


MEMBER 

RPI 


PAILWA 

rmoeitess 

INSTITUTE 


Rail  Maintenance  Service 

Rail  End  Welding 
Rail  End  Hardening 
CWR  Joint  Normalizing 
Frog  and  Switch  Welding 


Rail  Maintenance  Equipment 

Custom  Manufacturing  and  Fabrication 

Joint  Bar  Shims 

Rail  Anchor  Shims 

Rail  End  and  Frog  and  Switch 

Welding  and  Grinding  Machines 
CWR  Heating  and  Cooling  Equipment 
Rail  Flaw  Testing  Equipment 
Telebrineller  Portable  Hardness  Tester 


Infra-Red   Heater  for   Curing   Adhesive   Bonded   Rail   Joints 


TELEWELD  INC.,  416  NORTH  PARK  ST.,  STREATOR,  ILL.  61364 

Write  for  details  of  the  TELEWELD  process  for  restoring  rail  ends. 


Advance    Report   of   Committee    16 — Economics   of 
Plant,    Equipment   and   Operations 

Report   on   Assignment   5 

Location  and  Operation  of  Metropolitan  Transit  Systems 
as  Related  to  Current  Railway  Operations 

73-634-2f 

L.  A.  Durham,  Jr.  (chairman,  subcommittee),  R.  H.  Dunn,  G.  B.  Dutton,  Jr.,  G.  R. 
Gaspard,  A.  J.  Gellman,  W.  W.  Hay,  H.  J.  Kay,  T.  D.  Kern,  J.  H.  Marino. 
Douglas  McCorquodale,  J.  S.  Reed,  V.  J.  Roggeveen,  J.  E.  Teal,  Harold 
Wanaselja,   D.   M.   Weinroth,  J.   R.   Wilmot,  J.   D.   Worthing. 

Use  and  Acquisition  of  Railroad  Facilities  by 
Rapid  Transit  Systems 

Previous  presentations  under  this  assignment  have  been  as  follows: 

1.  AREA  Proceedings,  Vol.  68 — Bulletin  602,  page  111:  "Aspects  of  the 
Needs  of  Urban  Areas  for  Rapid  Transit  that  are  of  Interest  to  the  Rail- 
road Industry." 

This  report  presents  the  scope  or  size  of  the  rapid  transit  problem;  reviews 
capacity',  need  and  cost  criteria  for  transit  systems;  and  concludes  that 
railroad  companies  should  collectively  promote  further  investigation  of 
research  to  develop  accurate  information  on  design  criteria  of  rapid 
transit  systems  "to  insure  that  any  participation  in  transit  operations 
by  established  railroads   is  economically  justified." 

2.  AREA  Proceedings,  Vol.  70 — Bulletin  615,  page  25:  "A  Comparison  of 
Non-Conventional  Rapid  Transit  Systems  and  Concepts  with  Steel-Wheel- 
on-Steel-Rail  Vehicles." 

This  report  presents  a  comparison  of  21  types  of  transit  systems  cur- 
rently in  operation,  planned  and/or  conceived  as  was  developed  in  a 
study  commissioned  by  the  British  Ministry  of  Transport  and  the  City 
of  Manchester,  England. 

3.  AREA  Proceedings,  Vol.  72 — Bulletin  629,  page  95:  "Location  and 
Operation  of  Metropolitan  Transit  Systems  as  Related  to  Current  Rail- 
way Operations." 

This   report  presents   a   detailed   comparison  of  track   structure  and   main 
tenancc    practices    of    seven    American    and    one    Canadian    rapid    transil 
rail    systems.    Six    of    the    subject    systems    have    been    in    operation    for 
many    years    while    two    are    currently    being    constructed.    Location    and 
operating  authorities  are: 

Boston,  Mass. 

Massachusetts  Bay  Transportation  Authority 

Chicago,  111. 

Chicago  Transit  Authority 


t  Discussion  open   until   December   15,    1971. 

fSl 
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Cleveland,  Ohio 
Cleveland  Transit  System 

New  York,  N.  Y. 

New  York  City  Transit  Authority 

Philadelphia,  Pa. 

Philadelphia  Transportation  Company 

Toronto,  Ont. 

Toronto  Transit  Commission 

San  Francisco,  Calif. 

The  San  Francisco  Bay  Area  Rapid  Transit  District 

Washington,  D.  C. 

Washington  Metropolitan  Area  Transit  Authority 

Additions  and  corrections  to  the  aforementioned  report  are  presented  in 
an  Addendum  following  this  year's  report,  beginning  on  page  73. 

The  recent  revival  of  interest  in  North  America  in  rail  mass  transit  for  metro- 
politan areas  has  led  to  several  proposals — and  a  few  accomplishments — for 
the  use  of  rights-of-way  of  line-haul  railroads  by  urban  rapid  transit  systems. 

This  discussion  hinges  on  the  distinction  between  a  "conventional"  line- 
haul  railroad  and  an  urban  rapid  transit  railroad.  The  differences  between  their  infra- 
structures (the  roadway,  track  and  signals)  may  well  be  less  than  those  existing 
between  main  lines  and  branch  lines  of  a  line-haul  railroad.  The  important  differ- 
ences are  in  the  objective  and  the  operating  philosophy.  The  line-haul  railroad 
is  part  of  the  railroad  industry  and,  as  such,  a  component  part  of  the  continental 
system  with  an  orientation  toward  freight,  preferably  in  large  volumes  for  long 
hauls.  The  urban  rapid  transit  railroad  as  a  part  of  the  transit  industry  is  not  likely 
to  be  coordinated  with  any  other  similar  system  but  only  with  the  local  buses  of 
its  own  system;  its  only  purpose  is  the  movement  of  passengers  (in  units  of  one 
person,  but  aggregating  large  volumes),  with  peak-hour  concentrations,  and  for 
distances  sufficiently  restricted  that,  more  often  than  not,  they  are  not  a  com- 
ponent of  fares. 

An  association  between  the  long-haul  movement  of  freight  (or  passengers) 
and  short-haul  metropolitan  passenger  transportation  is  not  new.  It  is  not  nec- 
essary to  discuss  railroad  suburban  (commuter)  service,  except  to  point  out 
that  in  its  usual  form  it  has  retained  with  necessary  adaptations  the  long-haul 
railroad  characteristics  in  its  rolling  stock,  operating  methods  and  revenue  pricing 
and  collection. 

One  railroad  suburban  operation  of  long  standing  has  significantly  departed 
from  the  normal  pattern.  This  is  the  Illinois  Central  Railroad's  service  at  Chicago, 
where  the  main-line  suburban  trains  run  on  tracks  and  stop  at  station  platforms 
entirely  distinct  from  those  used  by  through  trains,  either  passenger  or  freight. 
Abroad,  operations  of  a  similar  kind  have  existed  for  many  years  in  Hamburg, 
Berlin  and  Tokyo. 

During  the  interurban  electric  era  of  the  first  third  of  the  20th  Century, 
several  railroads  ventured  into  the  use  of  their  facilities  for  short-haul  (but  not 
metropolitan)  passenger  traffic  by  providing  trackage  rights,  in  conjunction  with 
the    necessary    electrification    installations,    over    sections    of    line    for    cars    of    the 
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interurban  type  between  those  cars'  terminal  cities,  where  they  operated  in  the 
streets.  Examples  were  the  New  York,  New  Haven  &  Hartford  Railroad  in  Con- 
necticut, the  New  York  Central  Railroad  in  the  Mohawk  Valley  of  New  York,  the 
Colorado  &  Southern  Railway  in  Colorado,  and  predecessors  of  the  Canadian  National 
Railways  in  the  Montreal  area,  all  involving  interurban  subsidiaries  of  the  rail- 
roads. At  Baltimore  an  interurban  line  used  Baltimore  &  Ohio  Railroad  trackage 
to  enter  the  B&O's  Camden  Station. 

A  costly — and  as  it  turned  out,  ill-fated — railroad  entry  into  the  metro- 
politan transit  industry  was  the  New  Haven  Railroad's  protege,  the  New  York, 
Westchester  &  Boston  Railway,  serving  much  the  same  suburban  territory  as  its 
parent,  and  built  to  far  higher  standards  than  the  tvpical  interurban  line. 

The  most  highly-developed  coordinated  operation  of  a  line-haul  railroad  and 
a  rapid  transit  system  was  that,  commencing  in  1911,  of  the  Pennsylvania  Rail- 
road and  the  Hudson  &  Manhattan  Railroad  (in  later  years,  Hudson  Rapid  Tubes 
Corporation  and  Port  Authority  Trans-Hudson  Corporation).  Rapid  transit  trains, 
made  up  of  cars  contributed  by  both  parties  to  the  agreement,  ran  (in  the  west- 
bound direction)  from  Hudson  Terminal  in  downtown  New  York,  with  H&M 
crews,  on  H&M  trackage  with  two  intermediate  stations  to  the  end  of  the  tunnel 
in  Jersey  City,  and  then  on  a  short  section  of  trackage  leased  from  the  PRR 
to  the  PRR's  Journal  Square  station.  From  that  station  trains  continued  west- 
ward with  the  same  H&M  crews,  but  nominally  as  PRR  trains  under  PRR  control,  on 
PRR  trackage  used  by  these  trains  and  also  by  "conventional"  trains,  and  stopped 
at  Harrison  station  (served  only  by  rapid  transit  trains)  and  terminated  in  the 
later  years  of  the  joint  service  at  Newark  station,  where  passengers  could  transfer 
(with  through  ticketing)  to  suburban  and  long-distance  trains  of  the  PRR.  The 
full  revenue  on  all  traffic  exclusively  east  of  Journal  Square  accrued  to  the  H&M 
and  that  on  traffic  exclusively  west  of  Journal  Square  to  the  PRR.  Revenue  from 
passengers  traveling  between  points  east  of  Journal  Square  and  points  west  of 
Journal  Square  was  divided  between  the  two  carriers.  The  operation  under  this 
joint  service  agreement  was  superseded  by  a  lease  agreement  (summarized  in 
the  accompanying  table)  in  1967.  Substantially  similar  coordinated  services  of 
line-haul  railroads  and  rapid  transit  systems  have  been  operated  in  London  and 
Paris. 

The  table  which  is  a  part  of  this  report  provides  an  inventory  of  all  known 
current  examples  of  metropolitan  rail  transit  use  of  significant  portions  of  existing 
or  former  lines  of  line-haul  railroads  and  their  subsidiaries.  Some  of  the  projects 
listed  are  not  yet  fully  consummated  but  are  under  firm  development.  The  list 
can  undoubtedly  be  expanded  as  projects  now  in  the  early  planning  stages  advance. 

Joint — or  superseded — use  has  taken  several  Forms,  which  may  be  classified 
as  follows: 

(1)  Coordinated,  or  joint,  service   (no  current   examples). 

(2)  Rapid  Transit  use  of  Railroad  trackage,  with  concurrent  use  by  Railroad. 

a.  Ownership   retained   by    Railroad    (no  examples). 

b.  Ownership   acquired  by   Rapid  Transit. 

(3)  Rapid  Transit  use  of  Railroad   right-of-way,  with  concurrent   but 
urate  use  by  Railroad. 

a.  Ownership  retained  by  Railroad. 

b.  Ownership  acquired  by  Rapid  Transit 
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FACILITIES  BY  RAPID  TRANSIT  SYSTLJ5S 

BOSTON 

3OST0N 

Rapid  Transit  System 

Massachusetts  Bay  Transportation 
Authority 

Massachusetts  Bay  Transportation 

Authority  -  Cont. 
(Under  Construction  or  Development) 

Railroad 

New  York  Central  hR 

Perm  Central  Transportation  Co.; 
Boston  &  Maine  Corp. 

I  General  Description  of  Coordinated 
or  Transferred  Facilities 

Abandoned  right  of  way  with  track  from 
Brookline  Junction,  Boston,  to 
Riverside,  9.4  miles;  operated  with 
modified  street-car  type  of  rolling 
stock 

Other  Projects  Reported: 

1.  South  Shore  (Kedj  Line  Exten- 

sion from  near  Andrew 
Station,  Boston,  to  Way- 
mouth  on   former  PC 
right  of  way;  completion 
to  juincy,  o.l  miles, 
scheduled  for  1971 

2.  Relocation  of  Orange  Line 

from  Chariestown  to  ^ak 
Grove  on  former  FVstK  right 
of  way 

3.  zjctension  to  Reading  on  B&M 

right  of  way 

4.  Repair  shop  and  storage  yard 

on  24  acres  of  land  acquired 
from  PC  in  its  Lover  Street 
Yard  for  &7, 000,000 

II  Year  Effective 

1958 

" 

III  Form  of  Transaction  or  Agreement 

Purchased  by  predecessor  of  MBTA 

IV  Terms 

Based  on  published  information; 

otherwise,  based  on  information 
furnished  by  rapid  transit 
system 


(4)  Rapid  Transit  use  of  Railroad  trackage  under  lease. 

(5)  Rapid  Transit  use  of  Railroad  right-of-way  under  lease  or  easement. 

(6)  Rapid    Transit    acquisition    of    Railroad    right-of-way    vacated    by    Rail- 
road upon  consummation  or  previously  abandoned  by  Railroad. 

Objectives  of  rapid  transit  use  of  railroad  rights-of-way  have  been  the  intro- 
duction or  extension  of  passenger  service  in  or  to  areas  not  previously  served, 
the  substitution  of  rapid  transit  for  railroad  service,  and  the  relocation  of  rapid 
transit  lines  on  improved  alignments. 

The  prices  paid  by  rapid  transit  systems  for  the  use  of  railroad  rights-of-way 
or  trackage,  including  stations,  have  varied  widely,  depending  on  local  conditions. 
Summaries  of  the  terms  for  acquisition  or  joint  use  are  shown,  where  available, 
in  the  table. 
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IPniladelphiaj 

CHICAGO 

CHICAGO 

Port  Authority  transit  Corp.  (1; 

Cnicago  Transit  authority  (•:) 

Cnicago  Transit  Authority  (2)   -  Cont. 

Pennsylvania  RR;  Pennsylvania-heading 
Seashore  Lines 

Cnicago,  Milwaukee,  St.  Paul  t* 
Pacific  RK 

Chicago  &  North  ..estern  hallway 

hight  of  way  from  Broadway  station, 
Camaen,  to  Linaer.wold,  10,5  miles 

On  North  Shore  and  „vanston  houtes, 
right  of  way  and  tracK  from 
Wilson  Ave.,  Chicago,  to  Kaple 
Ave.,  Wilmette,  8  miles 

On  West-South  haute  (l^Ke  Service), 
right  of  way  and  track  from  west  of 
Laramie  Ave.,  Chicago,  to  Circle  Ave,, 
Forest  Park,  2.5  miles;  for  relocation 
of  track 

1964 

1953 

1962 

Purcr-ased  by  PATOC 

Purchased  by  CTA;  previously 
leased  under  agreement  initaxly 
established  in  19oS 

Leased  to  CTA 

52,150,000;  based  or.  appraisal 

v7,OJ0,Q00;  based  on  negotiation 

.1>IU,8U2.09   per  month;  based  on 
negotiation 

■ 


?)  Additionally,  3TA  has  purchased  short  portions  of  right  of  way 
including  certain  installations  of  two  abandoned  interurban 
electric  railways  with  which  it  formerly  had  reciprocal 
trackage  anreenents. 


The  use  of  railroad  rights-of-way,  with  or  without  trackage  or  stations.  In- 
rapid  transit  systems  in  North  America  dates  from  the  early  part  of  this  Century. 
When  considered  in  the  light  of  the  total  railroad  route  mileage  in  metropolitan 
anas  such  use  has,  however,  heen  extremely  limited  and  the  aggregate  amount  oi 
money  involved  in  consummated  transactions  has  heen  small.  Projects  under 
development  or  consideration,  and  opportunities  For  other  projects,  suggest  that 
rapid  transit  use  of  railroad  facilities  or  corridors  is  expected  to  increase  with 
tin-  growth  of  rail  mass  transit. 
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.    '. 

.  ,.         . 

Rapid  Transit  System 

Lev               rana  t   System 

I 

Railroad 

!!ew  'jk,   Chicago  a  St.  i    lis  iik; 
iMany 

I     General  Description  of  Coordinated 
or  Transferred  Facilities 

.    ht    y.    way                                  if  and 
:  hr     .  ..    Ilevula                    e]    .:..., 

-                    :.            : 

1.     :..\.-',  'l.i*  mi.es 
. .     NYC,   ...  mile 
1.      NYC,    L.t  ni.es 
...      I.YC,    3.5  niies 
5.      CUT,    -..-  ai.es 

.  aba 

r. .::.-.          -  .                track  1  r,i 
at  to  City  _i:.e. 

II     Year  Effective 

3.     1957;        U.     L968J 
5.     1951 

I  -..   :   iiailroa  i     ;    :  .tions  had 
beei nti    . 

III     Form  of  Transaction  or  Agreement 

1-4.     Ilirchased  b;    ,... 

5.         Leased  t 

.  srenaseo     y  predecessor     :    . 

IV     Terms 

1.     i2,75O,OJ0 

3.                i,^JAy 

it.    :.jt  stated 

.     &1*J0,000  ftr  year;   r.i.ced  on 
appraisals,   giving  consider- 

relocating  tracks,   use  of 
st  11    in,  etc. 

rifl    -.1 

.  'ron  City 

.    ■ 
it  use  1 

trac*:  on  r    ■:.' 

from  CUT. 

operated  and  continues  to 

■■■.-■ 
olli]  1  ' 


■  ;•     ■  f  ">;t  V 

■  -■■'.         irt  E'ord  : 
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MM    :    .j. 

«*«*" 

INm   •_.-,  utj     ranait  tait  toritj    -    -  Cent. 

.     6 

Statu  Island  Kapid   rrsni 
authority     .. . 

bong  Isiana  hh 

Bylvania  hi.;    succeeded  ay  Penn 
Jentrai  Transportation  Company 

itaten   Island  Kapid   iiansit   Kail* 

-  iway  Line,    right  of  way  from 
Liberty  Junction  to  Uic  hideaways, 
11.62  niles 

fwj  tracts   from  Pennsylvania  Station, 
tdge   lj   (east   of 
.    urnal  Square  stct-on/,  Jersey 

City,  : .         Lies,  plus 

2.01  miles  of  track  In  South  St. 
Vara  and  tall  track,  Newark, 
totaling    14.08  miles  o£  track  - 

tive    'ill  v    l  ,    1971,    u 

it)    purcha 

nlki    M   miles,    for 

S3,:.      .                   hich 

for   1  Ine   ai 

additional    i                               I] 

.    i epair    fat  i 1 i  t  Les 
and   .i  i  :    : 
sci  .                              r  formed   by 

ler   contract   .. 
L'itv,    superseding    operation 
by   SHU    Railway  under   agree- 
ment  with   City;    SIR!    Ra 
will    continue    to   0| 
ire  Lght    service    under    1 • 
age    tights;    $25,001  . 
expenditure    for  modernisa- 
tion   of    passenger    servi 
i  ty   and   M  I  \ . 

niroad  operations  had  been 
discontinued  in  19$o 

-•' 

Purchased  by  predecessor  oi   HCTA 

ceased  to  r*ATn;   previously  operated 
unaer  Joint   service  agreement 
Initially   cstao-ishea    in    ---i 

$.3,500,000 

$1  per  year  for  frac*,  61  per  year 
for  cars,    plus    £321,000   per  year, 

subject  La  adjustment  for  farmer 
taxes  r.      ..:.-•  r    me    SI   .  -    -roaa 
passenger  facilities  and   :    i    ^u.*  r 
adjustments  provided  in  the  agree- 
ment,  for  traction  power,   for  con- 
trol of  movements  of  PATH  trains 

station, 
and  for  operation  and  or  .nainte- 
nance                   ridges,  intei 

-leased   facilities  sued 
as  escalators  usea  by  iA.H  passen- 
gers,  and  vehicular,  ptaestrian 

r.igcs  over  and  unaer 
uasea  facilities 

Subsidiary  of  Th"  .  art  of 
ark  Authority. 

Hota  '7) 

.  ubsi  diary  of  ?alti.-iore 


. 
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USE  AND  ACQUISITION  OF  RAILROAD 
FACILITIES  BY  RAPID  TRANSIT  STSTEJS 

SAN  FRANCISCO 

WASHINGTON 

Rapid  Transit  System 

Bay  Area  Rapid  Transit  District 
(Under  Construction) 

Washington  Metropolitan  Area  Transit 
Authority  (Under  Construction) 

Railroad 

Sacramento  Northern  Ry;  Western 
Pacific  RR;  Atchison,  Topeka  & 
Santa  Fe  Ry;   Southern  Pacific 
Transportation  Company 

Washington  Terminal  Company;    Chesapeake 
A  Ohio  Ry;/Baltimore  A  Ohio  RR;   Richmond, 
Fredericksburg  &  Potomac  RR;   Southern 
Railway;   Penn  Central 

I     General  Description  pi  Coordinated 
or  Transferred  Facilities 

!■     SN:     Abandoned  right  of  way 

from  Walnut  Creek  to  Concord, 
6  miles;   in  fee 

2.  WP:      Right  of  way  from  Oakland 

to  Fremont,  21  miles; 
partially  joint  use  easement 
and  partially  in  fee 

3.  AT&SF:     Right  of  way  from 

Berkeley  to  Richmond,  6 
miles;   partially  in  fee  and 
partially  joint  use  easement; 
not  yet  acquired 

4.  SP:     Fee  and  easement  in 

Richmond,  and  fee  and  aerial 
tunnel  easement  in  Oakland, 
totaling  1  mile 

WMATA  proposes  to  purchase  rights  of  way 
for  its  exclusive  use  for  yards,   shops 
&  main  tracks;   except  for  the  possible 
joint  use  of  bridges,  no  other  joint 
use  of  facilities  is  proposed. 

II     Year  Effective 

1.     1964;     2.     1965-1969; 

3.     Not  yet  acquired;     4.     1970 

C&O/BAO,   Southern  &  WTCo:      Under 

negotiation 
Others:      In  planning  stage 

III     Form  of  Transaction  or  Agreement 

(See  I J 

IT     Termo 

i.        &50.UUO" 

2.  $2,200,000 

3.  Not  determined 

4.  $475,000 

Based  on  estimated  market 
values,  in  full  or  as 
approximate  percentages  in 
case  of  rights 
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.   '.     [   kAllfcOAD 

rtcu                               triers 

.AH^ 

CHICAGO 

r»TOU 

-':  a 

.unt  Use 

PATCO  provides  uaiiroads  space  for  one 
track   from  Center  Tower  to  division 
Street,   ^amden,   and  from  Macdonfield 
to  Lindenwold 

(See  VI-8) 

VI       hesp^rsibllilies  of  i-arties  for: 

:     ..  i. 

Kapid  Transit 

1,0  use  bv  Uilroad 

..acr.   party  for  its  own  traCKS  and 
structures  or  portions  of  structures 

Ho  use  by  Kflilroad 

— ■-  i.r-f- cation  System 

hapia   Transit;   none  on  railroad 

NO  use  by  Railroad 

...      _.,xal  am  Interlocker 

!.o  use  by  liailroad 

l.      Irar.s^rtation  (Hui.es, 

No  Joint  use  of  track;   no  physical 

No  joint  use  of  track 

„e„r.n£  ..reck 

i^cn  party  for  its  own 

t.o  joint  use  of  track 

\o  joint  use 

v.ractual  Transportation 

CIA  provides  switching 
one  industry 
trac<,   for  which  col 
to  Railroad,  which  re 

wrvice  to 
ie  ol 
are  billed 
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^CAGO 

JTA   -    tat. 

iVb 

V       Extent  of  Joint  Ubo 

iacn  party  uses  portions  of 
separated  by  a  fence 

right  of  way, 

uT-  an  . 

' 

VI       Responsibilities  of  Parties  for: 
1.     Rignl  of  way 

oaci.  party  lor  its  own  portion 

No    i  =  e  by  ,. a:. roads 

2.     Track  and  Structures 

3.     Electrification  SvsteB 

napid   Transit;   nor.e  on  ;.all 

..    -.  ■-    Dy  hailroads 

U.     Signal  and  Interlocker 
Systems 

tact,   party  lor  its  uwn 

;<o  use  by  r.aj  Iroaos 

5.     Transportation  (Rules, 
Dispatching,   etc.) 

No  joint  use   of  track 

int  use  of  track 

6.     Clearing  Wrecks 

Ko  use  by  lialiroads 

7.     Stations 

No  joint  use 

CTS  and  SKhT  ^or  rorti 
station  of  which  '-ic 

or.5  of  our 

6.     Contractual  Transportation 
Services 

None 

.one 
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BANCISCO 

BARTD 

V   Extent  of  Joint  Ubc 

Rapid  Transit  use  limited  to  sup- 
porting piers  and  rights  of 

VI   Responsibilities  of  Parties  for: 

Railroads  for  ground  surface 

1.  Right  of  way 

2.  Track  and  Structures 

Each  party  for  its  own 

3.  Electrification  System 

Raniii  'Tr.'in;  it. ;  norv.-  on  itailroni." 

4.  Signal  and  Interlocker 
Systems 

Each  party  for  its  own 

5.  Transportation  (Rules, 
Dispatching,  etc.) 

Mo  joint  use  of  track 

6.  Clearing  Wrecks 

riot  specified 

7.  Stations 

tlo  joint  use 

8.  Contractual  Transportation 
Services 

None 
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ADDENDUM  TO  1970  REPORT  ON  ASSIGNMENT  5 

The  report  on  Assignment  5  as  published  in  Bulletin  629,  Proceedings  Volume 
72,  September-October  1970,  included  as  Exhibits  A  to  H,  respectively,  brief 
descriptions  of  the  rapid  transit  rail  systems  at  Boston,  Mass.,  Chicago,  Cleve- 
land, Ohio,  New  York,  Philadelphia,  Pa.,  Toronto,  Out,  San  Francisco,  Calif.,  and 
Washington,  D.  C.  It  also  included  as  Exhibits  1  to  VIII  detailed  comparisons 
of  the  track  structures  and  maintenance  practices  of  these  rapid  transit  systems. 

As  an  addendum  to  that  report  there  is  presented  on  following  pages,  a  re- 
vised  Exhibit  B  giving  an  updated  description  of  the  Chicago  Transit  Authority 
system  at  Chicago;  a  new  Exhibit  I  describing  the  Port  Authority  Transit  Corpo- 
ration system  at  Camden,  N.  J.;  and  updated  data  on  the  track  structures  and 
maintenance  practices  of  the  Chicago  Transit  Authority. 
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EXHIBIT    B 
( Rev  i  sed) 


CHI  CAGO 


LLINOI S 


CHICAGO    TRANSIT    AUTHORITY 


Number    of    Routes 


Number    of    Stations 
Annual     Passengers 
Number    of    Cars 


6  as  f o 1  1 ows  : 

North-South  (State  Street  Subway)  Howard- 
Jackson  Park  &  Howa rd - Eng 1 ewood 

Evanston  (Elevated)  Howa rd- L i nden 

Skokie  Swift  (Surface)  Howa rd - Demps t e r 

Lake-Dan  Ryan  ( E 1 eva t ed -Su r f a ce)  Harlem- 
Loop-95th  Street 

West-Northwest  (Elevated-Subway-Surface) 
Desplaines  (  Cong  re s s ) - Dea r bo rn  subway- 
Cicero  ( Dou g 1  a s ) - Oea r bo rn  s u bway - J ef f e r son 
Park  (Milwaukee  service) 

Ravenswood  (Elevated)  Kimball-Loop 

145 

500  ,000  ,000 

330  air-conditioned  (  1  80  built  196**, 

150  bui I t  1970) 
770  "PCC"  Type  (built  1951-1959) 
k    articulated  (built  1947-19^8) 
85  steel  with  airbrakes  (built  1922-192'*) 
1  ,189 


EXHIBIT  I 


CAMDEN,  N.  J.  --------  Open  for  Service,  January  1969 

PORT  AUTHORITY  TRANSIT  CORP. 

Number  of  Routes  ------   1  (16th  &  Locust  Sts.  in  Philadelphia 

to  Lindenwold,  N.  J.,  via  Camden) 

Number  of  Stations  -----  12 

Annual  Passengers  -  -   -  -  -  10,000,000 

Number  of  Cars  -------75  (72-80  passenger  capacity; 

75  m.p.h.  top  speed) 
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DESCRI PTI ON 

CHICAGO 

GENERAL 

A.   Date  of  Last  Construction 

1970 

B.   Single  Revenue  Track  Miles 

1 .  Subway 

2 .  At-grade 
3  .   Aerial 

4.   Total 

1  . 
2. 
3. 
k. 

20.  3 

61.3 

113-7 

195.3 

C .   Speed  (mph ) 
1  .   Max  i  mum 
2 .   Ave  rage 

1  . 
2. 

55.0 
2*.  1 

D .   Gauge 

1 .   Wheel 

1  . 

k' -7    11/16" 

2.   Track 

2  . 

V-8  1/2" 

E.   Wheel  Taper 

Cy 1 i  nd  r  i  ca 1 

F .   Rail  Cant 

h0:  1 

1 

TRACK  STRUCTURE 

A.   Type  of  Track  Construction 
1 .   Subway 

1  . 

Short  ties  embedded 
in  concrete  invert. 
Tie  &  ballast 

2 .   At-grade 

2  . 

Tie  £  ballast 

3.   Bridge  £  aerial  structures 

3. 

Bridge  ties  on  open  deck. 
Sma 11  %    ball  as  ted  deck 

k  .   Special  trackwork 
B.   Rail  (Main  Line  Tracks) 

k. 

Tie  £  ballast 

Bridge  ties  on  open  deck 

1 .   We  i  gh  t  £  sec  t  i  on 

1  . 

90'  ASCE 

100  ,  112  &  115*  AREA 

1  00-'  ARA-A 

2.   Welded  or  jointed 

2  . 

Welded--36 
Jointed--6't 
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DESCR  1  PTI ON 

CHI  CAC-0 

3  .  Type  of  welds 

a .   Shop 

a  . 

Oxyacetylene 

b  .   Field 

b. 

The  rm  i  te 

c.   Max.  length  of  CWR  and 

c . 

9200  ft.  at 

location 

grade 

4.  Hardened  rail  or  special  alloyed  rail 

a .   Type 

a  . 

Fully  heat  t  rea ted , 
head  heat  treated 

b.   Criteria  for  location 

b  . 

On  curves  under 
1250'  rad  i  us  £  in 
special  trackwork 

c 

Rail  Fastening 
1  .   Petal  Is 

a .   Subway 

a  . 

Double  shoulder  tie 
plates,  spring  clips 
6  bolts,  screw  hold 
down  spikes. 
Compression  clips. 

b.   At-grade 

b. 

Cut  spikes,  double 
shoulder  tie  plates 
6  tie  pads. 
Compression  clips. 

c.   Bridges  &  aerial  structures 

c  . 

Same  as  b . 

d.   Special  trackwork 

d. 

Cut  spikes,  screw 
spikes  &  plates 

2  .   Spacing 

a .   Subway 

a  . 

24"  wood 
30"  concrete 

b.   At-grade 

b  . 

24"  wood 
30"  concrete 

c.   Bridges  &  aerial  structures 

c  . 

24"  wood 

30"  concrete 

d.   Special  trackwork 

d. 

Standard  AREA 
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COMPARISON  OF  TRACK  STRUCTURES  AND  MAINTENANCE  PRACTICES  (Cont'd.) 


DESCRI PTI ON 


D.   Rail  Anchorage  Details 
1  .   Type 


2.   Anchor  pattern  or  spacing 


3  .   Spec  i  a  1  t  rackwo  rk 


E.   Ties 

1 .   Kind 


2 .   S  ize 

a.   Cross  ties 


b .   Con  tact  rail  ties 

(1)  Size 

(2 )  Spacing 

Roadbed  and  Ballast  Details 
1  .   Roadbed  Section 

a.  Center  line  track  to  edge  of 
subg  rade 

b.  Slope  of  subgrade  surface 
c  .   SI  ope  of  side  ditch 

d.  Depth  of  side  di  tch 

e.  Width  of  bottom  of  side  ditch 

f.  Slope  of  embankment  and 
excava t i  on 


I  .   "Unit,"  spring 

clip,  comp  re  s  s  i  on 
clip. 

2.  For  unit  anchors  8 
forward  with  2  back- 
up anchors  per  39 ' 

rail  for  bo  1  ted  rail, 
every  other  tie  box 
anchored  for  welded 
rail.   For  clips  every 
tie. 

3 .  Rail  anchored  at  all 
possible  ties. 


I.   Creosote  treated  oak 
and  pine,  concrete. 


a  .  6"  x  8"  x  8 ' -0" 
Pine  on  aerial 
structure 

6"  x  8"  x  8'  -6" 
Oak  at-grade 

French  RS  Type  SL , 
7 ' -6"  long 

( 1 )  Same    as    a 

( 2 )  6 ' 0"    on    wood 

7 ' 6"    on    cone  r e  t  e 


a.  7'-9" 

b.  H:  I 

c.  11/2:1 

d.  1  '  -0" 

e.  1 ' -0" 

f  .  11/2:1 


Hill.  (CM 
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'ARISON  01:  TRACK  STRUCTURES  AND  MAINTENANCE  PRACTICES  (Cont'd.) 


DESCRIPTION 

CHI CAGO 

2  .   Ba 1  1 ast  Sect  ion 

a.   Distance  from  top  of 

a  . 

1" 

tie  to  top  of  ballast 

b .   Width  of  leve  1  ba  1  1  ast 

b. 

6"  bolted  rail 

shoulder 

12"  welded  rail 

c.   Slope  of  ballast 

c  . 

1  1/4:1 

sect  ion 

d.   Depth  of  ballast  below 

d  . 

12" 

bot  torn  of  tie 

e.   Depth  of  sub-ballast 

e  . 

Varies 

3  -   Bal  last 

a.   Top-ballast 

( 1 )  Kind 

(1) 

Crushed  slag  or 
1  i  mes  tone 

(2)  Size 

(2) 

AREA  M 

b.   Sub-ballast 

b. 

Used  where  required 

G.   Special  Trackwork 

1 .   Specifications 

1  . 

AREA  standards  except 
for  No.  b    x-overs  of 
C . T  .  A  .  Design 

2.   Guarded  or  unguarded 

2  . 

Both 

3  .   Welded  or  jointed 

3. 

Jointed 

1 1 1  TRACK  APPURTENANCES 

A.   Rail  Lubricators 

1 .   Type 

1  . 

Mechanical  feed 
"Meco"  (Portec) 

2.   Criteria  for  location 

2. 

(Running  rails  & 

restraining  rails) 
Loca  tion  based  on 
expe  r  i  ence 
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DESCRJ  PT  I  ON 


Restraining  Rail 

1.  Horizontal  or  vertical 

2.  Criteria  for  location 


3.   Distance  rail  extends  onto 

adjoining  tangents  to  curves 

k  .       F  1  a  ngeway 

5.   Spacing  of  fasteners 

C.  Guard  Rail 

1.  Criteria  for  location 

2.  Limits  of  construction 

D.  Pads 

I  .   Tie 


3  .   E  1  a  s  tomer  i  c 

E  .   Expansion  Joints 

I  .   Type 

2.   Criteria  for  location 
F  .   Switch  Heaters 


Hor  i  zon  ta 1 

On  curves  of  less 
than  300'  radius 
and  in  special 
t  rac  kwor  k  i  n  some 
cases. 

10'  on  both  enter- 
ing and  leaving  ends 

1  II 8 "  No  variation 
for  radii 


5.   Alternate  ties 


1.  On  aerial  structure. 

2.  On  aerial  structure. 


1  .   Birds  Abex  aspha 1 t 
coa  ted  pads  used 
throughout  surface  £ 
aerial  construction 
with  timber  ties. 


2.   Used  with  compression 
clips  in  State  St. 
subway  with  unsatis- 
factory results. 


3  .   Rubber  pads  on 
cone  re  t  e  ties. 
Butyl  rubber  and 
neoprene. 


1.  No  provisions  made 

2.  Sam-;  as  1 

Ca  1  rod  electric. 
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fRACK   STRUCTURES   AND  MAINTENANCE   PRACTICES    (Cont'd.) 


DESCRI  PTI ON 


IV   MAINTENANCE  OF  WAY 
A .   Gene  ra  I 


D .   Ba I  I  as t 


TEST  INSTALLATIONS  AND  RESEARCH 


A.   Track  maintenance 
work  performed 
primarily  by  manual 
labor.   Su  rf ac  i  ng 
and  lining  with 
mechanized  equipment. 

B  .   Rail  is  repl aced 
when  5/8"  vertical 
wear  o  <.  ^  u  r  s  .   Life  of 
con  t  rol -cool ed  rail 
on  tangent  averages 
hO    yrs.  and  in  sta- 
tion areas,  maximum 
hO    yrs.   Life  of 
heat  t  rea  ted  rail  on 
90  '  radius  curves, 
6-7  yea  rs  .   Rail  is 
ground  in  subways  to 
reduce  noise. 

C .  Ties  renewed  by 
manual  1  abor  .   Tie 
life  of  oak  ties  on 
surface  is  35  years; 
pine  ties  on  struc- 
ture, 25  years . 

Life  of  concrete  ties 
unknown . 

D.  Practice  is  to  remove 
fouled  ballast  and 
replace  it  with  new 
ballast,  when  the 
ties  are  renewed . 

V  .   Test  Sec  t  i  on  of  SRS 
"101"  concrete  ties 
with  "Fist"  fasteners. 
To  date  results  are 
satisfactory. 

Test  section  of  Rail- 
road Rubber  Products 
Co.  molded  rubber  rail 
seats  installed  in 
tangent  track  on  steel 
structure.   To  date 
results  are  satisfac- 
tory. 


Economics   of   Plant,   Equipment  and  Operations 


81 


COMPARISON  OF  TRACK  STRUCTURES  AND  MAINTENANCE  PRACTICES  (Cont'd.) 


DESCRI PTION 

CHI CAGO 

VI 

RECOMMENDATIONS  OF  EXISTING  SYSTEMS 
TO  IMPROVE: 

A  .   Ride  0_ual  i  ty 

A. 

Rigid  to  1  erances 
for  t  rack  a  1  i  gn- 
men t  and  su  r  face . 

B.   Track  Maintenance 

B. 

Rigid  quality 
control  of  construc- 
tion materials  and 
wo  r kma  n  sh  i  p . 

C  .   Noise  and  Vibration 

C  . 

Use  of  a  resilient 
rail  fastener. 
Eliminating  rail 
cor  ruga t  i  on  by 
grinding. 

Advance    Report   of   Committee    16 — Economics   of 
Plant,   Equipment  and   Operations 


Report   on   Assignment   7 

Applications  of  Industrial   Engineering   Functions 
to  the  Railroad   Industry 


73-634-3 


K.  \Y.  Bradley  (chairman,  subcommittee),  R.  D.  Penhallecon  (vice  chairman, 
subcommittee),  W.  J.  Dixon,  J.  J.  Eash,  P.  C.  FULLER,  A.  M.  HandwERKER, 
R.  P.  Hoffman,  R.  J.  Lane,  R.  McCann,  R.  \Y.  M<  Knight,  R.  I..  MdMuR- 
imi:,  J.  F.  Partridge,  M.  V.  Pmce,  V.  J.  Rogceveen,  R.  J.  Schdzfelbfjn, 
J.  II.  Seamon,  J.  J.  Stark,  Jr.,  D.  M.  Tatk,  R.  Turner,  L.  E.  Ward,  I).  M. 
\\  i  inhoth,  P.  B.  Wilson,  T.   D.  Wofford,  Jh. 

Determine  the  Optimum  Location  of  Hotbox  Detectors 

This  is  tli.  fourth  .uid  final  report  on  tin's  assignment  The  first  report  covered 
location  practices  of  43  railroads,  outlined  the  needs  lor  hotbox  detectors,  dealt 
with  general  practices  regarding  detector  location,  alerting  train  crews  d  hot- 
boxes  and  included  a  review  of  inspection  practices.  Also  included  was  a  selected 
bibliography.  Hie  first  report  was  published  in  AREA  Bulletin  809,  Novembei 
1967,  pages  L27-138.  The  second  report  dealt  with  factors  to  be  considered  when 
making  a  hotbox  detector  location  stud)  I  \Hl-:.\  Hull*  tin  (>l">.  Septembei  October, 
L968,  pages  23,  24).  The  third  report  discussed  methods  '-I  determining  tin 


■;•  Disiiissn.il  open  imiii   Decembei    15,   1971. 


82 


Bulletin   634  —  American   Railway   Engineering   Association 


lion  of  hotbox  detectors  based  upon  economic  factors  (AREA  Bulletin  623,  Novem- 
bei  L969,  pages  131-139,  and  Chapter  16,  AREA  Manual  for  Railway  Engineering, 
pages  16-5-2  through  16-5-10).  This  fourth  report  is  a  survey  of  12  railroads' 
practices  concerning  the  location,  operation  and  maintenance  of  hotbox  detectors. 
Also  included  is  information  as  to  the  number  of  detectors  in  service  and  car 
inspection  practices. 

Seventeen  questions  were  sent  to  each  of  15  railroads,  and  12  elected  to  supply 
answers,   Each  question  is   followed  by   the  answers  pertaining  to  that  question. 

How    many    hotbox    detectors    do   you    have    on    your   railroad? 


Railroad 

Type  of  Hotbox  Detector 

1 

2 

3 

4 

B                     

9 
49 

8 
102 

3 
35 

~~3 

~~3 

~~2 

10 
4 

36 
33 

~~6 

~~1 
~~2 

13 

D 

33 

F 

312 

H 

56 

J              

146 

L 

66 

N                                                           

60 

P. 

29 

T 

51 

U__ 

X                          

61 

z 

87 

Totals                                                 .   . 

209 

88 

9 

914 

How  are  the  general  locations  of  your  hotbox  detectors  determined  (e.g.,  by  the 
number  of  journal  failures  on  a  given  segment  of  track)?  Please  list  the  officers  or  de- 
partments   responsible    for  these   decisions. 

Detector  location  is  determined  primarily  by  a  record  of  journal  failures. 
Also  train  speeds,  traffic  density  and  type  of  traffic  are  considered.  Some  locations 
are  chosen  to  make  inspection  of  cars  received  from  connecting  roads.  Line  of 
road  detectors  are  generally  located  at  points  where  experience  has  shown  there 
was  a  high  incidence  of  defective  journals.  Yard  entrance  detectors  are  located 
far  enough  out  to  insure  that  trains  will  not  stop  and  cool  off  before  passing  detector. 

Mechanical,  signaling  and  communications  and  operating  departments  decide 
on  detector  locations. 

One  road's  experience  is  that  for  every  120  hotboxes  set  out,  one  undiscovered 
hotbox  caused  a  derailment  greater  than  $50,000.  Hotboxes  occurred  with  a  fre- 
quency of  30  billion  gross  ton  miles  on  main  lines  subject  to  variations  based  on: 
(1)  train  speed,  (2)  percent  of  loads,  (3)  inspection  by  personnel  other  than 
train  crew,  (4)  percent  of  roller  bearings,  (5)  track  conditions,  and  (6)  stops 
for  setting  out  or  picking  up  cars. 

There  is  some  break-even  point  where  detection  costs  will  equal  derailment  costs 
in  the  absence  of  detector  equipment.  This  indicates  what  the  optimum  spacing 
should  be  for  detector  equipment  for  gross  tonnage  over  an  operating  district.  On 
this  road's  property,  the  desired  spacing  in  miles  equals: 
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258  -^   V Gross  Tons  Operating  Over  the  District  (Millions) 
Other  Factors  affecting  a  decision  on  which  district  to  protect  and  how  many 
to  install  include  above-average  incidence  of  hotboxes,  high-value  lading,  and  pro- 
tection   for    critical    operating    districts     (i.e.,    suburban    territory,    bridges    difficult 
to  restore  quickly,   routes   requiring  expensive  detours). 

What  specific  engineering  and  operating  criteria  (track  conditions,  curvature,  signals, 
grade,  braking,  availability  of  set-out  tracks,  etc.)  are  considered  when  deciding  upon  the 
exact    point   where    your   detectors    are    located? 

The  criteria  for  site  selection  for  hotbox  detectors  are  as  follows:  (1)  in- 
stalled on  tangent  track  at  least  500  ft  from  any  point  of  curvature;  (2)  in- 
stalled not  less  than  1300  ft  from  switches;  (3)  installed  where  minimum  braking 
will  occur;  (4)  installed  on  less  than  0.5%  grade.  (The  grade  at  the  exact  location 
of  the  detector  is  not  important,  but  grades  on  the  approach  side  of  the  detector 
must  not  cause  brake  shoe  sparks  or  excessive  brake  heating);  (5)  installed 
where  train  speeds  are  known  to  be  between  10  and  80  mph;  (6)  installed  where 
roadbed  is  firm  and  track  well  maintained.  (Some  roads  recommend  that  gage 
should  be  kept  as  tight  as  possible);  (7)  installed  not  less  than  30  minutes  running 
time  from  terminal  or  yard;  (8)  electric  power  should  be  available;  and  (9) 
access  by  highway  and  facilities  for  maintainence  personnel  to  detectors  and  cars 
set  out. 

Also  recommended  arc  that  the  detectors  be:  (a)  installed  away  from  popu- 
lated areas  and  crossings  to  avoid  tampering,  and  (b)  installed  in  an  area  where 
dispatcher's  wayside-to-train  radio  system  already  exists  or  is  being  provided  for 
notification  purposes.  Adequate  radio  coverage  should  extend  a  distance  of  5 
miles  on  either  side  of  each  de'ector  site. 

What  type  of  performance  or  efficiency  records  does  your  railroad  maintain  on  each 
detector  (e.g.,  number  of  trains  stopped  with  nothing  found,  sticking  brakes  or  hot  journals, 
number  of  hotboxes  found  by  detector  vs.  number  of  hotboxes  on  the  same  line)?  What 
formula,  if  any,  does  your  railroad  use  to  determine  individual  detector  efficiency?  Who 
maintains    these    records? 

Daily,  weekly  or  monthly  records  are  kept  concerning  hotbox  detector  per- 
formance. Typical  information  includes  the  following:  date,  time,  train  number, 
car  initial  and  number,  detected  by  (hotbox  or  dragging  equipment  detector  show- 
ing mile-post  number),  chart  pen  deflection  in  millimeters  on  chart  for  north  and 
south  side   (each  train  stopped),  and  the  train  crew's  report  on  their  findings. 

Records  are  usually  maintained  by  the  signal  or  communications  depart- 
ments.   On    some    roads    the    operating    or    mechanical    departments    keep    records    ol 

hotbox  detections.  Figures  B-l  and  J-l  are  typical  of  the  type  of  record  maintained. 
Detector  efficiency  may  be  determined  by  the  following  formula: 
Number  of  Hotboxes  Found 


Total  Number  Indicated  In    Detector 


X  100=  Efficiency  Percentage  oi  Detector 


Do  you  have  a  regularly  scheduled  maintenance  program  for  your  detectors?  Will 
you    describe    it    briefly? 

A  regular,  scheduled  maintenance  program  is  maintained  consisting  oi  cleaning 
the  lens  and  rellectoi s,  checking  alignment  oi  sensors,  checking  sensors  for  ex- 
cessive noise,  checking  for  damaged  or  loose  wheel  pickups,  checking  the  various 
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SUBJECT;  HOT  BOX  LOCATOR, 


Date. 


Time. 


Train  No. 


WEST  KAIL 


Car  Initial 
Number 


Car  Initial  & 

Number 


Car  Initial 

Number 


Car  Initial  & 

Number 


EAST  RAIL 


ir 


Car  Initials  &      Car  Initials  &        Car  Initials  &         Car  Initials  & 
Number  Number  Number  Number 

A  Member  of  the  Crew  will  cheek  (/)  Applicable  Items  Listed  Below: 


HOT  BOX 

A.  (  )  1.  Roller  Bearing  Car.   (  )  2.  Waste  Packing.   (  )  3.  Pad  Lubricator. 

B.  (  )  1.  Journal  Repacked.  (  )  2.  Journal  Rebrassed.  (  )  3.  Journal  Lubricated. 
(  )  4.  Coolant  Applied  (  )  5.  Car  Set  Out.  (  )  6.  Car  Warm  but  Safe  to  Move 
(  )  7.  Nothing  Found.   (  )  8.  Call  Light  Burning. 


BRAKES  STICKING 


C.  (  )  1.  Brakes  Sticking 


(   )  2.  Brakes  Cut  Out. 


Si<?nature  of  Crew  Memoer. 


Fig.   T-2 
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components  in  the  system  and  seeing  that  the  track  is  properly  tamped  in  the  im- 
mediate area  of  the  scanner.  Recording  paper  is  changed  when  required,  gen- 
erally at  three  days  to  monthly    intervals   depending  on  the  location. 

Generally  speaking,  maintenance  technicians  make  weekly,  semi-weekly  and 
monthly  or  quarterly  inspections  of  hothox  detector  systems.  Figure  T-2  is  a 
check  sheet   for  hothox   detector   inspection  and  maintenance. 

Details  of  typical  daily,  semi- weekly  and  quarterly  maintenance  and  testing 
procedures  are  outlined  helow: 

Check  Sheet  for  Hotbox  Detectors 

Location Division Date 

YES     NO 

Rail  tamped  tight  300  ft  each  side  of  scanners   

Rail  anti-creepers  installed  3  rails  each  side  of  scanners 

Rail  gauge  tight  ( install  gauge  rods  if  necessary )    

TRANSDUCERS: 

Tight  on  rail    

Properly  adjusted   

Damaged  by  dragging  equipment 

Junction  box  properly  secured  to  foundation    

Junction  box  cable  connectors  tight   

Junction   box   clean   and   terminals    tight    

SCANNERS: 

Properly  aligned 

Housings   properly   painted    

Cable  connectors  tight 

Heaters  and  thermostats  operating  properly 

Heater  and  thermostat  secure  and  terminals  tight   

Housing  plugs  in  use   ( seasonal )    

Sensor  junction  box  connections  tight 

Lens  cap  clean   

Lens  clean  and  undamaged 

Shutter   mechanism    free   of   obstructions   and    lubricated   with   dry 
lubricant    

DATA  PROCESSING  UNIT: 

Mounting   hardware   secure    

Cable    connectors    tight    

Modules  screwdriver  tight   

Check  monitor  for  tight  connections 

Check   alarm   computor  for  tight  connections    

Firing  level  of  monitor  found left 

Firing  level  of  alarm  coumputor  found left 

Check  failure  indicator  lor  proper  operation   

Cheek  failure  indicator  i<>r  tight  connections   

RECORDER: 

Fuses  proper  size  and  tight   

Cable    connections    tight    
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YES     NO 

Stylii  clean   

Proper  pressure  on  stylii    

Terminals   connections   tight    

( .r.ns   properly  lubricated    

APPEARANCE  OF  GRAPHIC  RECORDINC: 

Recorder  shows  proper  gating  

Recorder  shows  proper  balance  

Any  indication  of  unusual  occurences  (explain)    

Cluck  locator  for  correct  operation  of  all  counters  &  reset 

All  lightning  arresters  clean  and  adjusted 

Equipment   properly   grounded    

VOLTAGE  CHECKS: 

Check  battery  and  record  readings:    Voltage   found    

Charge  found     

Charge  left         

Line  voltage  regulator   118v    ±    1%   

Stabilized  main  power  supply  300v  ±5% 

Pre-Amp  voltage  ref.  170  ±   10%  

Reference  voltage  standard  +175  — 175  ±  10%  with  artificial  load 

and  sensor  cables  disconnected 

All  plans  for  related  equipment  available 

List  any  unusual  operation  of  this  detector   

Daily:  Inspect  dispatcher  office  tapes  for  clues  to  any  irregularity  of  system 
operations. 

Semi-Weekly:  Clean  mirrors,  check  shutter  operation,  and  check  heat  sensi- 
tivity at  least  twice  each  week,  oftener  widi  heavy  precipitation  and  dust  con- 
ditions. Inspect  all  equipment  mounted  along  the  track  for  mechanical  damage 
and  loose  connections.  Check  the  voltage  and  charge  rate  on  the  battery  charger 
as  well  as  the  electrolyte  level  and  specific  gravity.  Check  ventilation  system.  Re- 
cord all  maintenance  and  testing  on  the  Hothox  Detector  Equipment  Performance 
Report  at  hotbox  location,  which  will  be  maintained  as  a  permanent  record  at 
each  site. 

Quarterly:  Check  out  each  system  completely  at  least  once  every  three 
months,  including  mechanical  alignment  of  trackside  equipment,  optical  and  elec- 
trical alignment  of  all  equipment.  Each  system  must  be  completely  checked 
out  if  the  track  department  makes  any  changes,  such  as  track  replacement,  or 
elevating  track  or  reballasting,  or  when  a  radiometer  cell  has  been  replaced. 
Check  for  tight  gauge  of  rail  at  main  and  advance  detector  locations. 

Do    you    maintain    maintenance   records   on   each   detector? 

Maintenance  records  are  kept  at  each  hothox  detector  site.  Each  maintenance 
operation  is  recorded  chronologically  in  the  log  and  contains  all  pertinent  in- 
formation regarding  changes  or  adjustments  to  the  various  components  within 
the  system. 

Does  your  railroad  use  any  type  of  hotbox  simulation  to  test  the  integrity  of  the 
detector    system,    train    crews    or    dispatchers    in    following    the    steps    prescribed    for    looking 
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for  a  hotbox  (e.g.,  heating  pad  or  light  source  strapped  to  truck  side  or  journal  box 
which  would  activate  the  system  in  the  same  manner  as  a  hotbox)?  Please  describe 
your   system. 

Two  roads  use  calibrated  heat  sources.  Hotbox  simulation  equipment  is  used 
by  one  road  for  maintaining  the  operation  and  accuracy  of  the  detector  system. 
A  special  Function  Generator  comprises  a  heated  aluminum  block,  the  tempera- 
ture of  which  is  controlled  by  an  adjustable  thermostat,  a  slotted  chopper  blade 
and  two  coils.  Simulated  transducer  pulses  are  produced  by  a  magnet  attached 
to  the  chopper  blade  which  passes  directly  over  the  coils.  Location  of  the  pick-up 
coils  coincides  with  the  passage  of  the  chopper  blade  aperture  over  the  heated 
block,  thereby  producing  a  gated  heat  impulse.  This  generator  is  portable  and  is 
used  by  the  electronics  maintainer. 

Do  you  use  centralized  readouts?  Do  you  use  recorder  charts  or  printed  readouts? 
What    craft    is    responsible    for    interpreting    this    information? 

Most  roads  use  recorder  charts  of  the  pengraph  type  that  indicate  deflection 
in  millimeters.  Recorders  are  located  at  dispatcher's  offices,  interlocking  towers 
or  in  car  foremen's  offices  at  yards.  Dispatchers  or  operators  read  and  interpret 
the  charts.  For  yard  approach  detectors,  mechanical  department  personnel  usually 
interpret  the  detector  recordings.  Some  roads  will  centralize  readouts  for  all  de- 
tectors on  a  division  or  in  a  particular  territory  at  dispatcher's  offices.  One  railroad 
has  a  centralized  group  of  strip  chart  recorders  for  all  line-of-road  detectors. 
Communications  department  supervisory  personnel  interpret  the  readout  informa- 
tion. Another  road  uses  centralized  readouts  with  signal  department  personnel 
being  responsible  for  interpreting  the  information.  A  few  roads  make  limited  use 
of  printed  or  digital  readouts. 

What   method   do   you   use   to   inform   train   crew   when    hotbox    is   detected? 

Train  crews  get  the  information  about  detected  hotboxes  via  VHF  radio; 
controlled  signals  can  be  set  to  stop  the  train  and  the  crew  is  alerted  when  they 
telephone  the  dispatcher;  and  wayside  light-type  indicators  are  used.  All  or 
various   combinations  of  the  above  are  employed. 

One  road  uses  "inspect-train"  indicators  located  about  four  miles  beyond  the 
detector.  These  display  the  "inspect-train"  indication  until  the  chart  has  been 
examined  at  the  dispatcher's  office.  If  the  chart  shows  no  abnormal  condition,  the 
signal  is  cleared.  The  distance  between  the  detector  and  the  indicator  is  sufficient 
to  permit  clearing  the  signal  before  the  engine  crew  sees  it.  When  the  chart  indicates 
a  particularly  serious  condition,  radio  is  used  to  advise  the  engineer  to  take  imme- 
diate steps  to  stop  his  train. 

Another  railroad  uses  a  monitor  display  board  and  hotbox  and  dragging  equip- 
ment indicator  light,  mounted  on  a  signal  mast  at  approximately  caboose  per- 
sonnel eye  level.  Operation  is  as  follows:  As  the  train  passes  the  system,  the  right 
or  left  hotbox  indicator  light  on  top  of  the  board  starts  to  flash  immediately  upon 
detection  of  a  hot  journal,  indicating  the  side  of  the  train  having  the  overh 
journal.  Two  seconds  after  the  train  passes  the  detector  the  displaj  hoard  will 
display  numerals  indicating  the  accumulated  axle  count  from  the  hotbox  to  the 
rear  of  the  train.  A  flashing  indicator  light  in  the  center  indicates  that  anothei 
hotbox  was  detected  subsequent  to  the  hotbox  which  is  numerically  indicated  on  tin 
display  board.  Flashing  lights,  both  left  and  right,  but  not  in  the  center,  indicate 
a  probable  hotbox  on  both  sides  of  the  train. 
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Flashing  center  light,  together  with  either  the  Left  or  right  Light  only,  indicates 
the  botboxes  detected  were  all  on  the  same  side  <>i  the  train.  All  three  indicators 
Lights  flashing  signify  the  indicated  hotbox  may  be  on  cither  side  and  that  one  of 
the  subsequent  hotboxes  was  on  the  opposite  side. 

When  dragging  equipment  is  detected,  the  right  and  left  lights  on  top  of  the 
monitor  display  board  will  display  a  yellow  aspect  and,  in  addition,  the  light 
located  below  the  monitor  display  board  will  display  a  red  aspect.  If  dragging 
equipment  detection,  in  addition  to  one  or  more  hotboxes  or  additional  dragging 
equipment  detections  are  made,  all  three  lights  on  top  of  the  monitor  display  board 
will  display  a  flashing  yellow  aspect  and,  in  addition,  the  light  located  below  the 
monitor  display  board  will  display  a  red  aspecet. 

The  indicator  lights  are  normally  dark  and  light  up,  displaying  flashing  yellow 
aspect  on  top  and  red  aspect  on  bottom  of  monitor  display  board,  only  when  hotbox 
or  dragging  equipment  is  detected.  The  display  board  is  illuminated,  white  light, 
as  train  passes  and  will  display  zeroes  in  the  absence  of  a  hotbox  or  dragging 
equipment.  When  any  indicator  Hght  displays  flashing  yellow  or  red  aspect  train 
will  be  stopped  and  inspected. 

In  the  event  there  is  a  power  failure  of  the  detector  system,  the  white  light 
located  on  top  of  the  signal  house  will  not  be  illuminated;  and  must  be  reported 
to  train  dispatcher  by  first  available  means  of  communication. 

Presence  of  hotbox  and  dragging  equipment  detector  systems  will  not  relieve 
train  and  engine  crews  from  the  responsibility  of  inspecting  trains  for  defects 
as  provided  in  the  Uniform  Code  of  Operating  Rules. 

What  are  the  steps  for  train  or  yard  crews  prescribed  by  your  railroad  for  inspecting 
a    journal    indicated    hot    by    a    detector? 

For  yard  approach  detectors,  the  train  is  brought  into  the  yard  where  inspection 
is  made  by  car  department  forces.  When  yard-type  detectors  are  actuated,  the 
inspection  of  solid  bearing  cars  consists  of  raising  lids  of  journal  boxes  and  journal 
components  are  carefully  inspected.  On  roller-bearing  cars,  the  bearings  are  examined 
for  signs  of  heat  discoloration,  cocked  adapters  and  loose  seals.  Use  may  be  made 
of  pyrometers,  crayons  or  Tempilsticks  or  Thermomelt  that  melt  at  200  F  to 
determine  relative  temperature  of  journals. 

The  following  is  a  minimum  procedure  to  be  followed  for  examination  of  journals 
for  which  a  hotbox  has  been  detected: 

( 1 )  Stop  the  train,  comply  with  all  operating  procedures  and  locate  the 
indicated  journal.  The  location  will  be  given  by  the  dispatcher  and 
will  normally  include  the  location  of  the  car  in  the  train,  the  side  of 
the  car,  the  truck,  and  the  axle. 

(2)  Visually  inspect  the  entire  truck  for  any  obvious  mechanical  defects 
such  as  broken  bolster,  broken  truck  side,  loose  wheel,  fouled  brake 
rigging,  etc. 

(3)  Feel  the  journal  box  or  roller-bearing  adapter  with  a  gloved  hand. 
If  it  is  noticeably  hotter  than  adjacent  boxes  or  adapters,  then  set 
out   the    car   unless    it   can   be   moved   safely. 

(4)  For  friction  bearings,  if  the  box  is  not  noticeably  hotter,  open  the  lid 
and  inspect  the  journal  end  for  heat.  If  the  journal  end  is  noticeably 
hotter  than  the  adjacent  journal  ends,  then  set  out  the  car  unless  it 
can  be  moved  safely. 


Economics  of  Plant,   Equipment  and  Operations 91 

(5)  If  no  unusual  heat  has  been  Found  by  previous  steps,  feel  the  ln>l> 
of  the  wheel  with  a  gloved  hand.  It'  this  is  noticeably  hotter  than  adja- 
cent hulls,  check  for  fouled  brake  rigging,  or  defective  brake  parts. 
If  cause  of  overheating  cannot  be  found  or  corrected,  then  set  out 
the  ear  unless  it  can  he  moved  safely.  If  the  huh  is  not  noticeably 
hotter  when  felt  witli  a  gloved  hand,  feel  the  hub  can  fully  with  a 
hare  hand. 

(6)  If  no  unusual  heat  has  been  found  by  the  previous  steps,  make  the 
same  checks  for  the  two  cars  in  front  of  and  the  two  ears  in  hack  of 
the  original  ear.  Some  roads  have  crews  inspect  three  cars  either  side 
of  the  indicated  hot  car. 

(7)  After  all  checks  have  been  made,  notify  the  dispatcher,  indicating 
car    initial    and    number,    location    in    train,    findings    and    action    taken. 

(8)  Even  if  no  indication  of  heat  has  been  found  the  car  should  be 
watched  carefully  if  left  in  the  train.  The  detector  is  sensitive  enough 
to  catch  trouble  which  is  just  beginning  and  which  may  not  be  found 
even  by  the  steps  above. 

When  a  car  with  a  hotbox  is  found  in  a  train,  or  such  car  is  set  out,  special  care 
must  be  taken  to  prevent  the  possibility  of  fire  spreading  to  the  bodv  of  the  car  or 
lading.  Packing  must  he  pulled  from  the  hotbox  and  all  fire  extinguished  and 
inspection  made  to  know  that  no  danger  of  fire  exists.  Conductors  will  indicate 
on  their  reports  whether  cars  are  equipped  with  pads  or  waste  and  give  other 
information  as  required. 

In  the  event  a  hotbox  of  any  kind  develops  on  a  passenger  car,  this  car  must 
be  set  out  at  the  first  available  point,  to  avoid  the  possibility  of  an  accident. 
When  this  is  done,  the  train  dispatcher  must  be  notified  promptly  of  all  partic- 
ulars so  that  arrangements  can  be  made  for  repairs 

One  road  has  the  policy  of  setting  out  roller-bearing  cars  indicated  to  have 
overheated  journals  regardless  of  the  conditions  found  by  train  crews.  The  journals 
are   later  inspected   by  car  department  forces. 

Several  railroads  have  automatic-type  detectors  which  include  the  alarm 
feature  which  automatically  actuates  counters  to  record  the  number  of  axles  from 
the  hotbox  to  the  rear  of  the  train.  An  indication  light  or  display  is  illuminated 
to   alert  the  train  crew.   The  following  describes   a   typical   operation   of  this   type: 

Automatic  approach  and  hotbox  stop  indicators  are  illuminated  when  a  hot- 
DOX  has  been  detected.  The  detector  will  inspect  journals  of  engines  and  cars  on 
trains  and  journals  exceeding  a  safe  operating  temperature  will  he  registered  on 
the  hotbox  locator  panel.  The  indication  registered  on  the  panel  will  he  the  num- 
ber of  journals  from  the  hotbox  to  the  rear  of  the  train,  including  caboose,  hut 
not  including  the  hot  journal.  The  hotbox  locator  panel  lias  two  horizontal  rows 
of  four  register  units,  one  row  for  each  side  of  the  train  and  identified  as  easl 
and  west  rail.  Hotbox  journal  locations  will  be  registered  in  succession  from  left 
to  right.  The  number  indicated  in  the  left  register  unit  (Block  No.  1  on  the 
form.  Fig.  T-2)  for  east  or  west  side,  will  be  the  first  hotbox  detected  on  that  side 
of    the    train.     Each    Succeeding    indication     will     indicate    a     hotbox     south    ol     the 

hotbox  preceding  it. 

A  hotbox  information  indicator  governing  brains  will  be  controlled  auto- 
matically when  the  first  hotbox  is  detected.  When  the  word  "Hotbox"  is  illumi- 
nated on  this  indicator,  it  will  indicate  to  the  eiew  that  an  overheated  journal  has 
been  detected.  The  locomotive  ol   the  train  uill  not   pass  this  Indicatoi   even   it 
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the  block  signal  on  which  it  is  located  displays  other  than  a  stop  indication.  (If 
engine  passes  the  signal,  the  data  on  the  register  units  will  be  cancelled.)  If 
the  signal  indicates  Stop  and  the  hothox  information  indicator  is  not  illuminated, 
a  member  of  the  crew  will  check  the  hotbox  locator  before  proceeding.  When 
hotbox  information  indicator  is  illuminated,  an  information  type  flashing-white 
approach    indication   will    also   be   displayed   at   the   approach   signal. 

If  call  light  on  outside  of  bungalow  is  illuminated  along  with  the  hotbox 
information  indicator  or  a  stop  signal,  it  indicates  that  the  train  has  not  been 
checked  by  the  equipment  and  train  should  be  checked  manually  before  proceeding 
further,   in   addition   to   checking  the  hotbox  locator  panel. 

When  train  is  stopped  by  the  signal,  a  member  of  the  crew  proceeds  .to  the 
Hotbox  locator  bungalow,  where  he  observes  and  records  the  number  or  numbers 
registered  on  the  panel  in  the  proper  block  or  blocks  on  the  form  shown  in  Fig. 
T-2,  a  supply  of  which  will  be  found  in  the  Hotbox  locator  bungalow.  After  record- 
ing the  numbers  on  the  form,  the  counter  reset  button  located  on  the  right  side 
of  the  panel  is  pushed  to  clear  the  panel. 

The  train  dispatcher  is  notified  by  the  telephone  provided  inside  the  bunga- 
low, and  advised  that  the  train  has  been  stopped  for  hotbox  inspection. 

The  car  or  cars  involved  must  be  thoroughly  inspected  and  if  hot  journal  is 
not  found  at  the  location  registered,  the  crew  must  inspect  two  cars  immediately 
ahead  and  behind  the  car  registering  hot  journal. 

After  inspecting  the  train,  the  dispatcher  is  notified  of  the  initial  and  the 
number  of  car  or  cars  registered,  together  with  information  as  to  the  condition 
found,  stating  whether  the  journal  was  serviced  or  the  car  set  out.  The  informa- 
tion conveyed  to  the  dispatcher  (including  the  above)  will  be  the  applicable 
items  checked  on  the  mimeograph  form. 

If  trouble  was  due  to  brakes  sticking  and  not  because  of  overheated  journal, 
the  train  dispatcher  is  notified  of  the  initial  and  number  of  the  car  or  cars,  ad- 
vising whether  the  brakes  were  cut  out.  This  report  will  be  signed  by  a  member 
of  the  crew  and  mailed  to  the  division  superintendent  at  the  end  of  the  run. 

If  a  car  is  set  out,  a  red  tag  is  attached  by  a  wire  to  the  journal.  On  one 
side  are  the  words  "HOTBOX — This  box  has  been  detected  as  being  overheated 

by    detector    at    ,    Car    Inspector   examine." 

On  the  reverse  side,  the  train  conductor  fills  in  the  following:  Station , 

Date   ,  Car  Initial ,  Car  No ,  Train  No , 

Conductor." 

What  criteria  do  you  use  to  (1)  stop  a  train,  (2)  require  close  observation  through  the 
next   detector? 

The  accompanying  table  indicates  answers  from  nine  railroads  replying  to  the 
survey. 

With  the  automatic-type  detectors  the  alarm  system  alerts  at  a  preset  abso- 
lute deflection  of  an  individual  journal  or  at  a  preset  differential  deflection  (of 
journals  at  opposite  ends  of  the  same  axle).  Thus  a  journal  that  is  heating  up,  but 
has  not  reached  the  preset  alarm  value,  will  not  be  brought  to  the  attention  of 
the  crew  or  at  the  readout  location  unless  someone  is  looking  at  the  recording  chart. 
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Train-Stop  Criteria  of  Some  Roads 

Friction 

Searings 

h'ulli  r  / 

carinas 

Hi  marks 

I'i  nchart 

Differential 

I'(  itcltart 

Diffi  n  nl ml 

Deflection 

Deflection 

Deflection 

Drill  it  mil 

12mm 

6mm 

1  Sin  m 

12mm 

5mm  differentia]   requires 
close  observation 

12mm 

7mm 

20mm 

7inin 

Type  1  detector 

15mm 

7mm 

24  mm 

i  mm 

Old  type  1  detector 

10mm 

7mm 

lSiiini 

<  mm 

Tvpc  4  detector 

10mm 

7  mm 

20mm 

7mm 

Type  2  detector 

18mm 

8mm 

25mm 

8mm 

Also,  stop  criteria  is  100° 
over    ambient    for    friction 

hearings  and  175°  over  am- 
bient for  roller  hearings 

16mm 

6mm 

L6mm 

6mm 

Or  train  stop  criteria  of  a  de- 
flection as  much  as  two  linns 
that  of  the  average  of  the 
other  bearings  on  the  same 
side  of  the  car  or  locomotive. 

18mm 

10mm 

18mm 

10mm 

15mm 

9mm 

15mm 

9mm 

7mm 

7mm 

Normal  pips  are  adjusted 
for  2.5  mm  plus  or  minus 
0.5  mm.  For  5  mm  up  to  7 
mm,  dispatcher  has  discre- 
tion and  usually  stops  train. 

15mm 

8mm 

15mm 

8mm 

If  differential  deflection  is 
between  5  mm  and  7  nun. 

train  crew  is  alerted  to  make 
close  observation  to  next  de- 
tector Location. 

Have  you  performed  any  comparative  testing  between  various  types  of  detectors?  Can 
you    describe    the   manner   and    results   of   these   tests? 

Nine  roads  have  not  performed  any  comparative  testing.  Several  years  ago 
comparative  tests  were  conducted  by  one  railroad  using  three  types  of  detectors. 
Type  1,  2,  and  4  detectors  were  installed  50  ft  apart  and  a  large  number  of 
runs  were  made  with  a  work  train  simulating  hotboxes  by  removing  all  lubrii  a- 
tion  and  waste.  Type  2  detector  indicated  heat  before  the  Others,  while  types 
1   and    1  detectors  gave  approximatelj    the  same  results. 

Comparative  tests  have  been  made  between  various  detectors  on  another 
railroad  employing  various  scan  .mules,  targets,  gating  functions,  readout  methods, 
etc.  Tests  reveal  that  the  methods  employed  by  type  4  detector  appear  to  be 
superior.   A  third  road  conducted  a  comparative   test   bj    installing   two  detectors 
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on   the  same  track  80  It  apart.   During  the  test  period  both   installations  detected 
all  hotboxes  and  both  detectors  stopped  the  same  and  different  trains  unnecessarily. 

Are  Thermomelt  sticks  used  by  your  company  to  assist  crews  in  determining  the 
seriousness    of    a    hotbox?    At    what    temperature    level    are    your    sticks    designed    to    melt? 

Six  railroads  use  Thermomelt  sticks  or  Tenipilstiks  that  melt  at  200  F;  the 
other  six  roads  replied  that  such  devices  are  not  used.  One  road  has  Tenipilstiks 
carried  on  all  trains.  Another  road  which  does  not  use  these  devices  has  about 
4,500  roller-bearing  cars  under  observation  with  one  temperature-sensitive  cap 
screw   in  each  end  cap.  The  pellet  melts  at  250  F. 

Are  pyrometer  devices  used  by  your  company  to  assist  in  determining  the  tempera- 
ture of  a  hotbox?  If  yes,  where  are  they  used?  What  temperature  is  considered  serious 
enough    to    warrant    setting    out    a    car,    friction    journal    or    roller    bearing? 

Eleven  railroads  do  not  use  pyrometer  devices.  One  road  makes  limited  use 
of  them.  Friction  journal  critical  temperature  is  considered  to  be  260  F  and  for 
a  roller  bearing  the  temperature  is  considered  critical  at  210  F.  Another  criteria 
is:  for  friction  journals,  the  serious  critical  temperature  is  100°  above  ambient 
and  for  roller  bearings  it  is   175°   above  ambient. 

Does  your  railroad  maintain  records  on  the  cause  of  journal  failures  as  determined 
by    car   department   personnel? 

Nine  railroads'  car  departments  maintain  records  of  causes  of  journal  failures. 
Typical  records   are  shown  in  Figs.   F-l,  J-4  and  Z-2. 

Does   your   railroad   use   reclaimed   journal   oil   or  pads? 
Number  of  railroads  using: 

Reclaimed  Oil  Reclaimed  Pads 

Yes  No  Yes  No 

6  6  1  11 

Two   railroads   use  refined  motor  oil  according  to  AAR  Specification  906-66. 
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DATA  NEEDED  IN  INS1   ICES  OF  BROKEN  JOURNALS 

1.   Train  No.  Date  Place  

Kind  Capacity  I 

3.  No.  cars. derailed  Place  in  train 


-1.   Description  and  location  of  failure 


5.  Original  size  of  journal  (new)  Diameter  at  time  of  failure  

6.  Diameter  of  journal  ;it  opposite  end  of  axle  

7.  Distance  from  collar  to  point  of  fracture  8.   Diameter  at  point  of  fracture 

9.  Markings  on  failed  end  of  journal  On  opposite  end  

10.  Wheel  No.  and  date  on  failed  end  On  opposite  end  

11.  Type  of  wheels  _  Type  Trucks  Type  Lubricators  

12.  Last  periodic  attention,  date  and  place  


13.  Where  car  was  put  in  train  Last  Inspection  Point 

14.  Condition  of  other  boxes 


IS.   Inspection  and  oiling  record  at  last  inspection  point 


16.  Source  of  information  

17.  Date  and  place  (or  symbol)  of  last  supersonic  ref lectoscope  inspection  (If  none,  state  none)_ 


IS.  Cause  of  journal  failure 
REMARKS : 


~:  officeaof"  jOUn'al  with  this  fora  t0  the  Laboratory,  and  copy  of  form  to 

If  information  for  Item  9  is  illegible  on  opposite  journal,  send  this  journal  to 

Laboratory  also.  ■ 

Malce  certain  all  pieces  are  properly  identified. 


'  '>  poreman  Master  Mechanic 

Fig.  J-4 
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•■■  ii.     ■ 


11   Chief  of  Transpt  rtation, 

1)   Chief  of  M.I  .    ■',   C.E.  , 


•    CE-2030-9-5 
CB-A3-6 


HCT   Hix   anp  hUHNT-<>FF  J0URNA1    "' 1    «T 


(Fill   in   reverse  elde  also   If 

imt-  iff  Journal ) 

1. 

Car  set  off  at  -  H. P.                                                       L3. 

ir   lnlt.  '<  No. 

2. 

Subdivision                                                                               11* . 

ll  ■■   of  failure 
Time   of    fai lure 

3. 

Area                                                                                        15. 
Car  loaded  at                                                                           1' 
Coranod  i  tv                                                                                    17 

a.m.              p.m. 

4. 

Tnin  No. 

l^ads            Empties 

5. 

!•     ite  I 

Cars   from  engi    - 

f>. 

Car  picked   up  enroute  at                                                IB. 
Destination                                                                          19 
Waybill   left  at                                                                      20 
Weight  of  contents                                                                ■' 1 
Lna1    limit  of  car 

Loc  ated 

Cars   from  caboose 

7. 

P 

Ennnenan  sil«  of  t 
Wp  tther   con  HI 

Visibility  -    Good 

Date  car   last   shopp 
!«-(.irk   date 

-a In   IBS  or  NO 

9. 
10. 

Fair              Poor 
*1 

11. 

Last  inspection   point 

1?, 

Last   servicing   point                                                           21i 

HOT  BOX  WAS  DISCOVERS'   BY:                     Engineman 
Rear  Knd   Prakeman                   Conductor                       Pass 
-    blonroen                      Running   Inspection                Walki 
Speed   When  Detected 

I.D.T.  date 

25. 

Fi  reman                   Me 
\i,     ^r  tin   Crew 
n  •   Inspection Hot 

il    Kni   Hriknman 

Station  Agent 

Box  Detector 

?n, 

NT  CAUSE  OF  FAILURE: 

CHECK   IN  APPROPRIATE  SQUARES  BELOW 

TYPE  OF  CAR: 

Box    (J      Auto  □  Reefer  CJ  Gondola  □ 

Hopper  □  Other 

LOCATION  OF  HOT  POX: 

Rl 

Leading  Truck    □    2 

Trailing  Truck  □    3  I 


RECENT  WHEEL  CHANGE 
(Indicate  Stti.  Rl 
Sw.bol  '<  Date)  2 


30.      TYPE  OF  LUBRICATOR:        CONDITION: 


TY1  E     )f   WHEELS: 

Cast  Iron    Ll      Cast   Steel    11     thera 


JOURNAL  STOPS: 

Typ»: 
Condition 

Tost.  No. 



DUSTOUARD: 

Type: 

Test  No. 

Condition 

LID  SEAL: 

Tvpe: 
Condition 

Test    Mo. 



Journapak 
Wikit 

in  I 

Ot.her  

New 

Renovated 
Ren.    Date 


B 


Burnt 
No  Contact 
Hard   Core 
Def.    Cover 
Wrong  Size 
Missing 


38. 


1,0.      AMOUNT  OF  OIL  IN   OTHER  BOXES: 
1/2"   or  More 
Leas  Than   1/2" 
Dry 


41. 


BODY  COTTER   PLATE: 
Good    [J      Tight    n      Loose   D 
Broken    □       Rl vetted    r_J    Bolted  f    I 
Lubricated    □  Dry         □ 


TYPE  of  BEARING: 

New  I )  Rebroac 

rUIDNG    I  a  Flat 

-!□  Other 


ached  n 
Back  □ 


SIDE  BEARING  CLEARANCE: 
Good  ["I     less  Than  1/4"  P 
1/2"  Ll 


B 


12.      SIZE  OF  BI 

A   1    Ll  A  3    □      A   5    □ 

33.     CONDITION  OF  BEARING: 

Babitt;  loose  L)   Burnt  L J    Scored!   1 

End  Hear:      Fillet    C3      Collar  C) 
Broken  LJ    Displaced  □  Wronfl        .■•»   1   I 

J4.     CONDITION  OF  WEDGE: 

Good  LJ      Flat  U    Dlei  laced  I    I 
Distorted  □  Missln,;    CJ     Wrong   Size  □ 

35.      CONDITION  OF  JOURNAL 

Good  O    Cut   □     Overheated  I    I 

la  journal  collar  ate    pa Yes[   1 

I  M   of  journal  0  1LJ    G   3   [    1    G 


KIND  OF  TRUCK: 
Stal  llized   [    1 


More  Than   1/2 
Non-St.at  I 


UL.      TRUCK   SPI  tl 

Travel:    1-11/16"     [    I      2-1/2"   L  J     W 
let  ■  ■•*.    □  Frost   lit. 

1,5.      BROKEN  TV' 

3uantlty  Broken     AR  Q         AL  Q 
BR  LJ         BL  U 

_ 


DATE 


STATION 


—-.li  BY 


For  bumt-off  Journal  report  complete  reverse 
and  Materials  Research  Lab. 


side  -  Mall  copy  of  report   to  "Controller     of  Tests 
Fig.    1-2    (front    side) 
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'.  ;i-n   statins  cause  of  hot  box,    show  condition  of  the   following,   if  they  are   suspoctul  of  con- 
tributing to  the  cause  of  hot  box: 

Condition  of  truck  frames  and  bolsters  -  load  evenly  distributed  in  car  -  any  other  condition 
which  would  contribute. 

BROKEN  OR  Blf-.r-OFF  JOURNAL  MARKINGS 


CONDITION   OF  THE  FOLLOWING 

JOURNAL 

BRASS           WEDGE 

LUBRICATOR 
TYPE           NEW  OR  RENOV. 

CONDITION 

CORE 

OIL  LEVEL 

L-l 

L-2 

1-3 

L-4 

R-l 

R-2 

R-3 

R-4 

Report  under  stating  type,   any  abnormal  condition,   to:      Journal  Box,   Lid   Seals,   Dust  Guards, 
Journal  Stops,    etc.,   during  above  inspection. 


46.  Speed  of  train  10/15  minutes   prior  to   failure 

47.  Train  Order  Office  passed  within  last   50  miles 

48.  Distance  travelled   from  point  of  loading  

49.  Distance  travelled   from  last  servicing  

50.  Section  forces  passed  last  50  miles  


51.     Numbers  of  cars  derailed:        Loads  -   System_ 
Remarks:  


Empties-System_ 


ff'ffice  of  Chief  of  M.P.   h  C.E.   to  be  advised   of  disposition   of  all  material  bv  Superintendent 
■       <-»nt). 


Fig.    Z-2    (back   side) 


Report  of   Special   Committee  on   Concrete  Ties 


R.  J.  Brueske 
K.  C.  Edscorx 
W.  E.  Fuhr 
C.  L.  Gatton 


E.    C.    HONATH 

D.  L.  Jebman 
J.  \Y.  Weber 

J.  R.  Williams 


Committee 


G.   H.   Way, 

Chairman 


To  the  American   Railway  Engineering  Association: 

Your  committee  presents  as  information  the  following  preliminary  specification 
for  concrete  ties  and  fastenings.  Comments  and  criticisms  are  invited. 

In  its  final  form,  this  specification,  after  formal  approval,  is  intended  to  he 
inserted  in  the  AREA  Manual  for  Railway  Engineering  as  Part  6,  Chapter  3. 

The  Special  Committee  on  Concrete  Ties, 

G.  H.  Way,  Chairman. 
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FOREWORD 

This  specification  is  intended  to  provide  necessary  guidance  in  the  design, 
manufacture  and  use  of  concrete  tie  railroad  track  systems  and  their  components. 
The  specification  contains  minimum  performance  requirements  of  components  of 
concrete  tie  railway  track  based  on  a  variety  of  permissible  tie  spacings  and  ballast 
depths.  Track  constructed  of  tie  and  fastener  components  meeting  the  specifica- 
tions applicable  to  the  anticipated  usage  should  be  expected  to  give  satisfactory 
performance    under    current    AAR-approved    maximum    axle   loads. 

The  specification  covers  materials,  physical  dimensions,  and  structural  strength 
of  prestressed  monoblock  and  prestressed  and  conventionally  reinforced  two- 
block  concrete  ties.  In  addition,  longitudinal  and  lateral  load  restraint  require- 
ments as  well  as  the  electrical  performance  of  rail  fastener  and  tie  combinations 
are  given.  Laboratory  tests  for  the  determination  of  the  suitability  of  new  de- 
signs are  specified,  as  are  necessary  quality-control  procedures  during  manufac- 
ture. The  specification  does  not  cover  techniques  nor  equipment  for  the  manufac- 
ture of  concrete  ties  or  fastenings. 

Where  current  specifications  or  recommended  practices  of  other  technical 
societies,  such  as  the  American  Society  for  Testing  and  Materials  or  the  American 
Concrete  Institute,   are   appropriate,   they  are  made  part  of  this  specification. 

The  following  definitions  are  applicable  to  this  specification: 

1.  Cross  Tie — A  transverse  component  of  a  track  system  whose  functions 
are  the  control  of  track  gage  and  the  transmitting  of  rail  loads  to  ballast. 

2.  Fastening — A  component  or  group  of  components  of  a  track  system 
which  affixes  the  rail  to  the  cross  ties. 

3.  Flexure  strength — Resistance  to  bending. 

4.  Lateral  load — A  load,  or  vector  component  of  a  load,  applied  perpen- 
dicular to   the  gage   line   ol    a   rail  and   parallel  with   the   rail's   base. 

5.  Longitudinal  load — A  load  directed  along  the  longitudinal  axis  of  a  rail. 

6.  \euati\e  bendinci — Bendinc:  ol  a  concrete  tie  by  application  of  load 
that  produces   tension   in   the  top  surface  of  the  tie. 

7.  Positive  bending — Bending  ol  a  concrete  tie  by  application  <»(  a  load 
that   produces   tension   in   the  bottom  surface  of  the  tie. 

8.  Prestressing  tendon — A  strand,  wire  or  bar,  within  a  concrete  mem- 
ber, which  under  tension,  precompresses  the  concrete 

9.  Prestressed  tie — A  tie  utilizing  precompressed  concrete  and  prestressing 
tendons  to  resist  flexure.  Under  design  loads  the  tensile  strength  <>l  the 
concrete  in  the  tension  faces  ol  the  tie  must  not  In    exceeded. 
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10.  Prestressed-reinforced  tit — A  reinforced  concrete  tie  which,  in  addi- 
tion to  longitudinal  reinforcing  steel,  uses  prestressing  tendons  to  re- 
sist bending  hut  in  which  tension  exceeding  the  modulus  of  rupture 
may  occur  in  the  precompressed  concrete  under  design  loads.  If  cracks 
do   occur,    the   resulting   crack    widths   must   not   exceed   specified   values. 

1 1 .  Pretensioned  concrete  tie — A  prestressed  concrete  tie  using  pretension 
tendons   to   preeompress    concrete. 

12.  Posttensioned  concrete  tie — A  prestressed  concrete  tie  using  posttension 
tendons  to  preeompress  concrete. 

13.  Posttension  tendon — A  reinforcing  member  which  adds  structural  strength 
to  a  prestressed  concrete  tie  by  placing  it  in  compression.  This  mem- 
ber is  tensioned  after  the  setting  of  concrete. 

14.  Pretension  tendon  (strand  or  wire) — A  reinforcing  member  which  adds 
structural  strength  to  a  prestressed  concrete  tie  by  placing  it  in  com- 
pression.  This  member  is  tensioned  prior  to  the  placement  of  concrete. 

15.  Rail  seat — The  area  of  top  surface  of  a  tie  within  the  limits  of  the 
canted  plane  on  which  the  rail  rests. 

16.  Reinforced  concrete  tie — A  tie  reinforced  with  deformed  steel  bars, 
welded  wire  fabric,  deformed  wire,  or  bar  or  rod  mats  and  using  non- 
precompressed  concrete.  Under  design  loads  the  tensile  strength  of  the 
concrete  in  the  tension  faces  of  the  tie  is  exceeded;  however,  the  resulting 
crack  widths  must  not  exceed  specified  values. 

17.  Reinforcement  or  reinforcing  steel — Steel,  excluding  prestressing  tendons, 
introduced    within    a    concrete    tie    to    improve   its   structural   strength. 

18.  Structural  crack — A  crack  originating  in  the  tensile  face  of  the  tie,  ex- 
tending to  the  outermost  level  of  reinforcement  or  prestressing  tendons 
and  which  increases  in  size  under  application  of  load. 

6.1  GENERAL  CONSIDERATIONS 

6.1.1  INTRODUCTION 

In  supporting  train  weight  and  guiding  railway  vehicles,  the  track  structure 
must  restrain  repeated  lateral,  vertical  and  longitudinal  forces.  As  elements  of  the 
track  structure,  individual  cross  ties  receive  loads  from  the  rails  or  fastenings  and 
in  turn  transmit  loads  to  the  ballast  and  subgrade.  Consequently,  the  design  of  a 
tie  affects  and  is  affected  by  characteristics  of  other  components  of  the  track  struc- 
ture; by  the  direction,  magnitude,  and  frequency  of  traffic  imposed  loads;  and  by 
environmental  agents  such  as  temperature  and  weather. 

6.1.2  VERTICAL  LOADS 
6.1.2.1  Tie  Spacing 

Tie  spacing  affects  rail  flexure  stress,  compressive  stress  on  ballast  and  road- 
bed and  the  flexure  stress  generated  in  the  ties  themselves.  For  a  given  set  of  tie 
dimensions  and  wheel  loads,  the  consequences  of  increasing  tie  spacing  are  higher 
rail  bending  moments,  higher  unit  compressive  loads  on  ballast  and  subgrade, 
together  with  higher  bending  moments  and  compressive  stresses  within  the  in- 
dividual  ties.    For   the   case   of   constant   tie,   ballast   and   subgrade   characteristics, 
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wider  tie  spacingS  bring  about  Larger  track  depression  per  unit  of  wheel  load,  i.e., 
lowered  track  modulus.  Conversely,  reduction  of  tie  spacing  lowers  unit  stresses 
and  increases  track  modulus. 

These  specifications  cover  concrete  ties  intended  for  track  designs  using  center- 
to-center  spacings  of  cross  ties  of  between  20  and  30  inches. 

6.1.2.2  Cross  Tie  Dimensions 

Use  of  longer,  wider,  or  stiffer  ties  which  increase  the  tie-to-ballast  bearing 
area  has  main-  of  the  same  effects  as  reducing  tie  spacing.  There  are,  however, 
limits  beyond  which  an  increase  in  tie  size  is  ineffectual  in  reducing  track  stress 
and  increasing  track  modulus.  The  concentration  of  tie-to-ballast  load  decreases 
with  lateral  distance  from  the  rail.  The  rate  of  decrease  of  load  with  distance  is 
higher  for  flexible  tie  materials  and  designs.  There  is,  therefore,  a  point  beyond 
which  lengthening  tie  design  will  fail  to  significantly  reduce  unit  bearing  load. 
There  are,  in  addition,  required  right-of-way  clearances  and  machinery  limitations 
which  restrict  tie  length. 

Widening  tie  design  has  similar  benefits  to  increases  in  tie  length.  Widening 
tie  design,  however,  beyond  the  point  where  it  is  practical  to  compact  ballast  be- 
neath the  tie  is  ineffective. 

These  specifications  cover  tie  designs  between  8  ft  0  inches  and  9  ft  6  inches 
in  length  and  between  8  inches  and  13  inches  in  width  at  their  bottom  surface. 

6.1.2.3  Load  Distribution 

The  foregoing  discussion  and  the  requirements  following  presume  that  wheel 
loads  applied  to  the  rail  will  be  distributed  by  the  rail  to  several  ties.  This  dis- 
tribution of  loads  has  been  confirmed  in  field  investigations.  Obviously,  the  dis- 
tribution of  load  is  dependent  upon  tie  and  axle  spacing,  ballast  and  subgrade  re- 
action and  rail  rigidity.  The  percentage  of  wheel-to-rail  load  carried  by  an  indi- 
vidual tie  varies  from  location  to  location.  A  conservative  estimate  of  the  distri- 
bution factor  has  been  used  in  developing  these  specifications.  These  factors  are 
shown  in  Figure  6.1.2.3.1.  While  rail  stiffness  does  influence  these  percentages, 
its  effect  is  small  compared  to  other  factors.  For  the  sake  of  simplification,  the 
distribution  factors  are  shown  only  as  a  function  of  tie  spacing.  The  conservative 
values  chosen  are  intended  to  offset  variations  resulting  from  other  influences. 

6.1.2.4  Impact  Factors 

The  requirements  of  these  specifications  are  based  on  calculations  including 
<ui  assumed  impact  factor.  This  factor  is  a  percentage  increase  over  static  vertical 
loads  intended  to  estimate  the  dynamic  effect  of  wheel  and  mil  irregularities. 
Following  general  railway  engineering  practice,  an  impact  factor  of  50  percent  has 
been  assumed. 

6.1.2.5  Ballast  and  Subsoil 

In   addition    to   tie    size   and    spacing,   ballast   depth   and   subsoil   modulus   .ire  also 

significant  in  the  manner  a  particular  track  design  restrains  vertical  loading.  In- 
creasing ball. ist  depth  tends  to  spread  individual  tie  loads  over  a  wider  area  "I 
subsoil,   thereby   reducing   the   unit    subsoil   load   and  consequent    track   depression. 

Thus    the    effed    of    increased    ballast    depth    call    l><-    similar,    within    limits,    to    that 

of  reduced   tie  spacing.   At   the  same   time,  stiller  subsoils  do  not   require  as  low 
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FIGURE  6.1.2.3.1:   APPROXIMATE  PERCENT  OF 

AXLE  LOAD  CARRIED  BY 
INDIVIDUAL  TIE 


1  / 

Second  Progress  Report  of 

1 

/ 

Special  Cornmittee  or.  Stresses 

! 

in  Railroad  Track,  AREA 
Proceedings  Vol.21  pp  645-813 

! 
i 

for  wood  ties  8  feet  lor.g 

30 


20  22.5 

CENTER  TO  CENTER  TIE  SPACING  IN  INCHES 
(1)  Based  on  an  increase  of  107,  due  to  greater  ir.ass  and  stiffness  of  concrete  ties. 
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a  ballast  pressure  as  less  strong  subgrades.  Consequently,  they  are  better  able  to 
tolerate  wider  tie  spacings,  smaller  ties,  more  shallow  ballast  depths  or  all  three 
without  failure  or  excessive  track  depression. 

6.1.2.5.1  Ballast  and  Ballast  Pressure 

The  engineer  must  insure  that  the  design  of  track  does  not  result  in  over- 
stress  of  ballast  or  subgrade.  To  do  so  consideration  must  be  given  to  wheel  loads, 
distribution  factor,  impact  factor,  unit  bearing  capacities  of  the  ballast  and  sub- 
grade  and  to  cross  tie  dimensions  and  spacing. 

6.1.2.5.1.1  Ballast  Pressure 

While  tie-to-ballast  pressure  is  not  uniformily  distributed  across  or  along  the 
bottom  of  a  cross  tie,  an  approximate  calculation  can  be  made  of  "average" 
pressure  at  the  bottom  of  the  tie.  The  maximum  ballast  pressure  has  been  found 
to  occur  several  inches  below  this  interface.  Consequently,  the  calculated  value 
of  average  ballast  pressure  at  the  bottom  of  the  tie  understates  the  maximum 
ballast  pressure.  The  average  pressure  at  the  tie  bottom  is  equal  to  axle  load,  modi- 
fied by  distribution  and  impact  factors  and  divided  by  the  bearing  area  of  the  tic: 

Average  Ballast  Pressure   (psi)  =    t " 


where:       P  =  wheel  load  in  pounds. 

IF  =  Impact  factor  in  percent. 

DF  =   distribution  factor  in  percent  (from  Figure  6.1.2.3.1). 
A  =  bearing  area  of  cross  tie  in  square  inches. 

The  calculated  value  should  not  exceed  85  psi  for  high-quality,  abrasion-re- 
sistant, stone  or  slag  ballast.  If  lower  quality  ballast  materials  are  used,  the 
calculated  ballast  pressure  should  be  reduced  accordingly. 

6.1.2.5.1.2  Subgrade  Pressure 

The  pressure  exerted  by  ballast  on  the  subgrade  depends  upon  the  tie-to-ballast 
pressure,  the  load  distribution  pattern  through  the  ballast  and  the  depth  of  ballast. 

6.1.2.5.2  Ballast  Material  and  Section 

It  is  recommended  that  high-quality,  abrasion-resistant,  stone  or  slag  ballast 
be  used  with  concrete  ties.  This  ballast  should  be  of  a  depth  commensurate  with 
the  characteristics  of  the  subgrade  but  in  no  case  |<  ss  than  H  inches  on  main-line 
heavy   tonnage  track. 


°For  example:  Given  8  ft  6  inches  long  x  12  inches  wide  concrete  ties  with  bearing  length 
of  33  inches  on  each  end  of  ties,  what  is  the  calculated  value  of  bearing  pressure  For  a  locomo- 
tive with  30,000-lb  wheel  load  if  the  ties  are  to  be  spaced  at   28  inches? 


Average   Ballast    1'nssnrc    (psi)     —    2P 


r  i  +  — ^-l  r°M 

L  10°  .1  \  10°  / 


A 
60,000  [1.5]    (.57) 

(33  +  33)      12 
51300 


7'i: 
84.8  psi 
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6.1.3  LATERAL  LOADS 

'I  he    lateral    loads    generated   by    moving   railway   equipment   are  applied   by 

wheel  treads  and  flanges  to  the  rails,  which  in  turn  must  be  held  in  place  by 
fastenings,  ties  and  ballast. 

Lateral  stiffness  of  rail  distributes  lateral  loads  to  fasteners  and  their  ties. 
Structural  strength  of  fastenings  and  ties  hold  the  rail  to  gage.  The  mass  of  ties, 
friction  between  the  ties  and  ballast,  lateral  bearing  area  of  ties  (end  surface) 
and  the  mass  of  ballast  all  act  to  restrain  lateral  tie  movement. 

Lateral  track  stability  can,  therefore,  be  increased  by  decreasing  tie  spacing 
of  ties  of  similar  dimensions,  increasing  tie  mass  or  increasing  end  bearing  area  of 
ties  per  unit  length  of  track  and  by  increasing  frictional  resistance  between  ties 
and  ballast.  Structural  strength  of  fastenings  must  be  commensurate  with  the  lateral 
load  individual  ties  restrain,  which  in  turn  is  determined  by  lateral  rail  stiffness 
and  tie  spacing. 

The  magnitude  of  lateral  loads  which  must  be  restrained  depends  not  only 
upon  the  dimensions,  configuration,  weight,  speed  and  tracking  characteristics  of 
the  equipment,  but  also  upon  the  geometric  characteristics  of  the  track  structure. 
Both  the  gross  geometry — whether  the  track  is  straight,  curved  or  how  sharply 
curved — and  the  detail  geometry — the  irregularities  and  small  deviations  from 
design — influence  the  magnitude  of  lateral  load. 

These  specifications  cover  fasteners  capable  of  restraining  individual  lateral 
wheel-to-rail  loads  of  up  to  16,000  pounds  per  linear  foot  of  track  when  these 
lateral  loads  are  accompanied  by  vertical  loads  of  a  similar  magnitude. 

6.1.4  LONGITUDINAL  LOADS 

The  longitudinal  load  developed  by  the  combination  of  thermal  stress  in 
continuous  welded  rail  and  by  traffic  is  transferred  by  the  fastenings  to  the  ties 
and  ultimately  restrained  by  mass  internal  friction  of  ballast.  Consequently,  the 
longitudinal  bearing  area  (side  area)  of  ties  per  unit  of  track  length,  friction 
between  bottom  of  ties  and  ballast  and  physical  properties  of  ballast  ultimately 
determine  the  track  resistance  to  longitudinal  movement.  Resistance  to  rail  move- 
ment with  respect  to  ties  is  determined  by  the  characteristics  of  fasteners.  While 
total  restraint  of  longitudinal  rail  movement  is  generally  desirable,  there  are  situa- 
tions where  such  restraint  is  impractical  or  undesirable.  In  conventional  track  con- 
struction, the  limiting  factor  in  longitudinal  restraint  is  most  often  ballast  re- 
sistance. These  specifications,  therefore,  apply  to  track  designs  incorporating  a 
minimum  of  210  square  inches  of  side  of  tie  area  per  lineal  foot  of  track  and  to 
fasteners  for  use  on  such  track,  offering  1480  lb  resistance  to  longitudinal  rail 
movement  per  linear  foot  of  rail. 

6.1.5  RAIL 

6.1.5.1   Flexure  Requirement 

The  interaction  of  rail  and  ties  has  been  discussed  above  with  respect  to 
distribution  factors,  tie  spacing,  and  vertical  loads.  The  flexure  stress  generated  in 
rail  under  load  is  a  function  of  applied  bending  moment  and  the  section  modulus 
of  rail.  Rail  bending  moment  is  in  turn  determined  by  wheel  load,  axle  spacing, 
and  track  modulus.  Most  modern  rail  sections  are  capable  of  bearing  current 
wheel  loads  on  tie  spacings  of  up  to  30  inches  with  normal  ballast  support  without 
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distress.  It  is  recommended  that  the  engineer  calculate  the  maximum  bending  stress 
for  rail  sections  lighter  than  LOO  lb/yard  if  their  use  is  anticipated.  The  Following 
equation  may  be  used  for  this  purpose: 


Mc  Pc 


>c_4/£i_ 
/     V    64m 


/  /     r     64/* 

Where:   S  =  maximum  fiber  stress  in  rail  (psi). 

c  =  distance  from  neutral  axis  to  outer  edge  of  base  or  head  |  inches). 

/  =  moment  of  inertia  of  rail  section  (inches'). 

E  =  modulus  of  elasticity  of  steel  (psi). 

M  =  track  modulus   (pounds/inch/inch). 

P  =  wheel  load  (pounds). 

4  /'    EI 
M  =   P      y     g^w  -  —  bending  moment  (inch-pounds).008 

6.1.5.2  Rail  Joints 

(a)  To  achieve  the  maximum  benefits  and  economy  from  the  use  of  con- 
crete railroad  ties  it  is  recommended  that,  in  main-line  track,  they  be  used  in  con- 
junction with  continuous  welded  rail.  If  concrete  ties  are  used  in  conventional  bolted 
track  or  at  the  ends  of  continuous  welded  rail,  care  should  be  exercised  to  see  that 
the  juncture  of  two  rails  does  not  occur  over  a  concrete  tie.  The  magnitude  of 
impacts  on  a  tie  placed  under  the  juncture  of  two  rails  could  be  destructive  to  the 
rail  seat  and  fastenings  in  high-speed  track. 

(b)  It  is  recommended  that  concrete  ties  not  be  installed  within  the  limits 
of  insulated  joints  or  within  the  limits  of  special  timber  dimensions  of  turnouts 
and  crossovers. 

6.1.5.3  Effect  of  Mass  on  Track  Stability. 
(Under  development) 

6.2  MATERIAL 

6.2.1  GENERAL 

Because  it  is  impractical  to  provide  a  performance  test  to  assure  the  dura- 
bility of  concrete  ties  and  their  accessories,  it  is  necessary  to  include  specifications 
for  the  materials  used  in  their  manufacture.  Deviation  from  the  material  specifi- 
cations may  only  be  made  with  the  prior  approval  of  the  engineer. 


°°For  example:  Given  track  modulus  of  3,000  lb  inch  inch  and  90-lb  KA-A  rail  with 
I  =  38  7  inches4  and  C  2.~>1  inches,  what  tensile  Stress  is  developed  under  a  id, 0(1(1-11)  wheel 
load?  

v.   _      Pc  *  /'     EI 


. 


2    1/       64/i 


noil, 


-     30.000   (2.54)    \/   <30>    (10>" 
-^ V  64   (3,0 

=    1968.9     (  a/     601'.. s      J  17,362.15  psi 


000First    Progress    Report    ■•)    tin    Special   Committee   on   Stresses   in    Track,    v.>'.    19   AREA 
proceedings,   p.    S87. 
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6.2.2  CONCRETE 

The  minimum  28-day-design  compressive  strength  of  concrete  used  for  con- 
crete ties  shall  be  7000  psi  as  determined  by  ASTM  Method  of  Test  C  39.  The 
test  cylinders  shall  be  made  and  stored  as  specific  in  ASTM  Specification  C  31. 

6.2.2.1  Cement 

Cement  shall  be  portland  cement  and  shall  meet  the  requirements  of  ASTM 
Specification  C  150.  Air-entraining  cement  shall  also  meet  the  requirements  of 
ASTM  C  150. 

6.2.2.2  Aggregates 

Both  fine  and  course  aggregates  shall  meet  the  requirements  of  the  AREA 
Specifications  for  Aggregates,  Part  1,  Section  C,  Chapter  8  of  the  AREA  Manual. 

6.2.2.3  Mixing  Water 

Mixing  water  shall  meet  the  requirements  of  the  AREA  Specifications  for 
Mixing  Water,  Part  1,  Section  D,  Chapter  8  of  the  AREA  Manual.  In  addition, 
the  mixing  water,  including  that  portion  of  the  mixing  water  contributed  in  the 
form  of  free  moisture  on  the  aggregates,  shall  not  contain  deleterious  amounts  of 
chloride  ion.(1) 

6.2.2.4  Additives 

Additives  containing  chlorides  shall  not  be  used. 

6.2.2.5  Curing 

It  is  recommended  that  the  concrete  be  cured  by  a  method  or  procedure 
such  as  set  forth  in  Part  1,  Section  P,  Chapter  8  of  the  AREA  Manual. 

6.2.3  METAL  REINFORCEMENT 
6.2.3.1 

Wire  and  strands  for  tendons  in  prestressed  concrete  shall  conform  to  "Specifi- 
cations for  Uncoated  Seven-Wire  Stress-Relieved  Strand  for  Prestressed  Concrete" 
(ASTM  A  416)  or  "Specifications  for  Uncoated  Stress-Relieved  Wire  for  Pre- 
stressed Concrete"  (ASTM  A  421).  Strands  or  wire  not  specifically  itemized  in 
ASTM  A  416  or  A  421,  including  strands  with  constructions  other  than  those 
listed  in  A  416,  may  be  used  provided  they  conform  to  at  least  the  minimum  re- 
quirements of  these  ASTM  specifications  and  have  no  properties  which  make  them 
less  satisfactory  than  those  listed  in  ASTM  A  416  or  A  421. 

6.2.3.2 

High-strength  alloy  steel  bars  for  posttensioning  tendons  shall  be  proof-stressed 
during  manufacture  to  85  percent  of  the  minimum  guaranteed  tensile  strength. 
After  proof  stressing,  bars  shall  be  subjected  to  a  stress-relieving  heat  treatment 
to  produce  the  prescribed  physical  properties.  After  processing,  the  physical  prop- 
erties of  the  bars  when  tested  on  full  sections,  shall  conform  to  the  following 
minimum   properties:    Yield   strength    (0.2   percent  offset):    0.85/'s   where  fs   is  the 

to  A  chloride  ion  content  greater  than  400  ppm  might  be  considered  detrimental,  and  it 
is   recommended   that   levels   well   below   this   value   be   maintained   if  practicable. 

Chloride  ions  contained  in  the  aggregate  and  in  admixtures  should  be  considered  in  eval- 
uating the  acceptability  of  total  chloride  ion  content  of  the  mixing  water.  (From  the  commen- 
tary to  ACI  318-71). 
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ultimate    strength    of    the    prestressing    steel    in    psi.    Elongation    at    rupture    in    20 
diameters:    4  percent    Reduction  of  area  at   rupture:   20  percent. 

6.2.3.3 

Reinforcing  bars  shall  conform  to  one  of  the  following  specifications,  excepl 
that  yield  strength  shall  correspond  to  that  determined  by  tests  on  full-size  bars; 
and  for  reinforcing  bars  with  a  specified  yield  strength  of  the  reinforcing  steel, 
f,,,  exceeding  60,000  psi,  /„  shall  be  the  stress  corresponding  to  a  strain  of  0.35 
percent. 

(a)  "Specifications  for  Deformed  Billet-Steel  Bars  for  Concrete  Reinforce- 
ment  (ASTM  A  615). 

(b)  "Specifications  for  Rail-Steel  Deformed  Bars  for  Concrete  Reinforce- 
ment" (ASTM  A  616).  If  bars  meeting  these  specifications  are  to  be 
bent,  they  shall  also  meet  the  bending  requirements  of  ASTM  A  615 
for  Grade  60. 

(c)  "Specifications  for  Axle-Steel  Deformed  Bars  for  Concrete  Reinforce- 
ment"  (ASTM  A  617). 

6.2.3.4 

Plain  bars  for  spiral  reinforcement  shall  conform  only  to  the  strength  re- 
quirements and  minimum  elongation  of  the  appropriate  specification  prescribed 
in  art.  6.2.3.3. 

6.2.3.5 

Reinforcement  to  be  welded  shall  be  indicated  on  the  drawings  and  the 
welding  procedure  to  be  used  shall  be  specified.  The  ASTM  specification  shall  be 
supplemented  by  requirements  assuring  satisfactory  weldability  by  this  procedure 
in  conformity  with  "Recommended  Practices  for  Welding  Reinforcing  Steel,  Metal 
Inserts,  and  Connections  in  Reinforced  Concrete  Construction"  (  AW'S  D12.1).  The 
supplementary  specification  requirements  shall  he  designated  in  the  order,  and 
conformance    with    these    requirements    shall    be    confirmed    by    the    supplier    at    the 

time  of  delivery. 

6.2.3.6 

Bar  and  rod  mats  for  concrete  reinforcement  shall  be  the  clipped  type  con- 
forming to  "Specifications  for  Fabricated  Steel  liar  or  Rod  Mats  for  Concrete  Re- 
inforcement"  (ASTM   A  184). 

6.2.3.7 

Plain  wire  for  spiral  reinforcement  shall  conform  to  "Specifications  for  Cold- 
Drawn  Steel  Wire  for  Concrete  Reinforcement"  (ASTM  \  82),  except  thai  /,  shall 
be  the  stress  corresponding  to  a  strain  of  0.35  pera  rrl  il  the  yield  strength  speci- 
fied in  the  design  exceeds  00,000  psi. 

6.2.3.8 

Welded  plain  wire  fabric  for  concrete  reinforcement  shall  conform  to 
fications  for  Welded  Steel  Wire  Fabric  for  Concrete  Reinforcement"  (ASTM   \  L85 
and    to    the   stipulation    of    Art.   0.2.5.7    regarding   measurement    ol    / ...   except    that 
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welded  intersections  shall  be  spaced  not  farther  apart  than  12  inches  in  the  direc- 
tion of  the  principal  reinforcement. 

6.2.3.9 

Deformed  wire  for  concrete  reinforcement  shall  conform  to  "Specifications  for 
Deformed  Steel  Wire  for  Concrete  Reinforcement"  (ASTM  A  496),  except  that 
wire  shall  not  be  smaller  than  size  D-4'-'  and  that  /,,  shall  be  the  stress  corre- 
sponding to  a  strain  of  0.35  percent  if  the  yield  strength  specified  in  the  design 
exceeds  60,000  psi. 

6.2.3.10 

Welded  deformed  wire  fabric  for  concrete  reinforcement  shall  conform  to 
"Specifications  for  Welded  Deformed  Steel  Wire  Fabric  for  Concrete  Reinforce- 
ment" (ASTM  A  947)  and  to  the  stipulation  of  Art.  6.2.3.9  regarding  measure- 
ment of  J,,,  except  that  welded  intersections  shall  be  spaced  not  farther  apart  than 
16   inches   in   the   direction  of  the  principal  reinforcement. 

6.2.3.11 

Steel  pipe  or  tubing  for  composite  members  shall  conform  to  one  of  the 
following: 

(a)  Grade  B,  ASTM  A  53. 

(b)  ASTM  A  500. 

(c)  ASTM  A  501. 

(d)  Grade    specified    by    the    manufacturer    and    supported    by    design    and 
test  data  subject  to  the  approval  of  the  engineer. 

6.2.3.12 

Structural  steel  used  in  conjunction  with  reinforcing  for  composite  members 
shall   conform   to   one   of   the   following. 

(a)  ASTM  A  36. 

(b)  ASTM  A  242. 

(c)  ASTM  A  440. 

(d)  ASTM  A  441. 

(e)  ASTM  A  588. 

( f )  Grade    specified    by    manufacturer    and    supported    by    design    and    test 
data  subject  to  the  approval  of  the  engineer. 

6.2.3.13  Reinforcement  Placement  and  Spacing 

The  placement  and  spacing  of  reinforcement,  prestressing  steel  and  prestressing 
ducts  shall  be  in  accordance  with  all  applicable  requirements  of  the  AREA  Manual, 
Chapter  8,  Part  1,  Section  H — Metal  Reinforcement  Placing,  as  revised  in  1970  ex- 
cept  that  tolerances  for  placing  shall  meet  the  requirements  of  Art.  6.3.2.12. 

6.2.3.13a  Supports 

Reinforcement,  prestressing  steel,  and  ducts  shall  be  accurately  placed  and 
adequately   supported   before   concrete   is   placed   and   shall  be   secured   against  dis- 


(2>  Deformed  wire  is  denoted  by  the  letter  "D",  followed  by  a  number  indicating  the 
wire's  cross  sectional  area  in  hundredths  of  a  square  inch.  Thus,  the  minimum  size  deformed 
wire   permitted    in   this    specification   must   have   a   cross   sectional    area  of  0.04   square   inches. 
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placement   within   permitted    tolerances.   Welding  of  crossing   bars  shall   not   be  per- 
mitted for  assembly  of  reinforcement  unless  authorized  by  the  engineer. 

6.2.4  TIE  PADS 

Abrasion  or  abrasion,  vibration  and  impact  reducing  pads  shall  be  used  be- 
tween the  rail  and  concrete  ties  on  all  main-line  or  other  heavy-traffic  tracks  to 
minimize  the  possibility  of  abrasive  action  in  the  rail  bearing  area  of  the  tie.  It 
is   recommended  that  such  pads  also  be  used  on  other  trackage. 

6.2.4.1  Polyethylene  Bearing  Pads 

Polyethylene  bearing  pads,  if  used,  shall  be  black  high-density  plastic,  60 
to  65  D-Durometer  meeting  current  ASTM  Specification  D  1248,  Type  III,  Grade 
3.   Hardness  shall  be  stable  between  -f  140° F  and  —  40°F. 

6.2.4.2  Elastomeric  Bearing  Pads 

Elastomeric  bearing  pads,  if  used,  shall  be  of  weather  and  petroleum  resistant 
materials.  They  shall  meet  the  following  current  ASTM  Test  Method  Specifications: 

(a)  ASTM   Test  Method  D  573  for  aging  in  air. 

(b)  ASTM  Test  Method  D  395,   Method    B,    for    compression    set. 

(c)  ASTM  Test  Method  D  518,  Procedure  A  and  D  518-61,  for  resistance 
to  the  atmospheric  ozone. 

(d)  ASTM  Test  Method  D  471  for  resistance  to  water. 

(e)  ASTM   Test  Method  D  471  for  resistance  to  oil. 

The  hardness  of  such  pads  shall  between  60  and  80  A-Durometer  as  specified 
by  the  purchaser.  A  tolerance  of  ±  5  shall  be  permitted  from  that  specified.  Pads 
using  ridges,  grooves  or  other  patterns  are  permissible,  providing  that  such  patterns 
do   not   reduce   the  protection   offered   by  the  pad. 

6.2.4.3  Other  Types  of  Bearing  Pads 

Bearing  pads  may  also  be  made  of  nylon,  laminated  fiber,  wood  or  other 
abrasion  resistant  material.  Such  pads  shall  be  used  only  with  the  approval  of 
the  engineer  and  shall  meet  specifications  provided  by  the  engineer. 

6.2.5  INSULATION 

It  is  recommended  that  some  type  of  insulation  be  used  to  prevent  interference 
with  signal  systems  and  deterioration  of  tin   fastening  system  through  electrical  leakage, 

6.2.5.1  Nylon    Insulators 

Nylon  insulators,  if  used,  shall  meet  the  requirements  of  the  current  ASTM 
Specification  D  789,  Type  1.  Grade  4,  Specification  for  Nylon  Injection  Molding 
and  Extrusion  Materials. 

6.2.5.2  Other  Insulating  Materials 

Other  insulating  materials  such  as  epoxy  coatings  and  fiberglass  ma)  be 
used  if  desired  as  long  as  they  provide  sufficient  protection  against  electrical  leakage 

and  meet  the  approval  of  the  engineer.  (  See  Art.  0.9.1.1  I 

0.2.6  FASTENINGS 

All  fastening  components  shall   be  <>|    materia]   resistant   to  corrosion,  able   t" 
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withstand    repeated    loads    within    the    railroad    environment    and    should    he    essen- 
tially  tree  from  maintenance  requirements. 

6.2.6.1  Cap  Screws  and  Spring  Clips 

Cap  screws  used  with  rail  clips  shall  he  a  minimum  of  %  inch  in  diameter 
and  of  sufficient  length  to  provide  a  minimum  engagement  of  1  inch  but  not  to 
exceed  VA  inches.  They  shall  have  a  minimum  proof  load  of  17000  Lb.  The  shank 
of  the  screw  shall  he  dipped  in  petrolatum  before  assembly. 

6.2.6.2  Static  Stress 

Static  stress  when  applied  to  the  spring  clip  shall  not  exceed  60  percent  of  the 
strength  of  the  material  from  which  the  clip  is  made. 

6.3  TIE  DIMENSIONS,  CONFIGURATION  AND  WEIGHT 

6.3.1  CONSIDERATIONS 

6.3.1.1  Track  Machinery  Limitations 

In  addition  to  those  considerations  covered  in  Section  6.1  General  Consid- 
erations, the  following  maximum  dimensions  will  permit  tamping  with  many  present- 
day  ballast  tamping  machines  and  will  allow  other  related  work  to  be  handled 
in  a  mechanized  manner: 

(a)  Tie  width  =   13  inches 

(b)  Tie  depth  ;=   10  inches 

(e)   Tie  length  ;=     9  ft  6  inches 

6.3.1.2  Weight 

For  ease  of  handling  it  is  recommended  that  the  weight  of  tie  not  exceed 
approximately  800  lb. 

6.3.2  REQUIREMENTS 

6.3.2.1  Length 

The  overall  nominal  length  of  concrete  ties  shall  not  be  less  than  7  ft  5  inches 
nor  more  than  9  ft  6  inches.  A  tolerance  of  plus  Yz  inch  or  minus  Ye,  inch  from 
nominal  length  is  permitted. 

6.3.2.2  Width 

The  minimum  width  of  ballast  bearing  area  of  tie  shall  not  be  less  than  8 
inches.  Width  of  tie  at  top  surface  from  rail  seat  area  to  end  of  tie  shall  not  be 
less  than  6  inches.  The  maximum  width  must  not  exceed  13  inches.  Tolerance  of 
±  Ys  inch  from  nominal  width  is  permitted. 

6.3.2.3  Minimum  Depth 

The  minimum  design  depth  of  any  section  of  tie  shall  not  be  less  than  6  inches. 
A  manufacturing  tolerance  of  -\-%  inch  and  —  Js  inch  is  permitted  from  design  depth. 

6.3.2.4  Maximum  Depth 

Maximum  design  depth  of  any  section  of  the  tie  shall  not  be  more  than  10 
inches.  A  manufacturing  tolerance  of  +M  and  —Ys  inch  is  permitted  from  design 
depth. 

6.2.3.5  Track  Gage 

The  width  of  the  rail  seat  shall  be  the  nominal  width  of  the  rail  base  for 
which  the   tie   is   to  be   used  plus   3/32   inch    ±    1/32   inch.   Fastenings   shall  hold 
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the  rail  within  %  inch  of  the  plan  dimension  for  center  lint"  of  rail  to  end  of  tie. 
Stops,  shoulders  or  fastenings  which  determine  gage  shall  he  located,  in  relation 
to  one  another,  to  the  plan  dimensions  for  the  rail  section  and  gage  to  he  used 
to  a  tolerance  of  ±  1/32  inch.  Resulting  track  gage  shall  he  not  more  than  1/32 
inch  wider  nor  3/32  inch  less  than  that  specified.  Ties  shall  normally  he  manu- 
factured for  4  ft  8/2  inches  track  gage.  If  track  gage  other  than  4  ft  8)2  inches  is 
desired,  it  shall  be  so  specified  by  the  engineer. 

6.3.2.6  Rail  Cant 

The  rail  seat  shall  provide  for  a  cant  of  1  in  40  toward  center  line  of  tic  un- 
less otherwise  specified. 

6.3.2.7  Rail  Seat  Plane 

The  seat  shall  be  a  plane  surface,  plus  or  minus  1/64  inch. 

6.3.2.8  Differential  Tilt  of  Rail  Seats 

A  differential  tilt  in  the  direction  of  the  rail  of  one  rail  seat  with  respect 
to  the  other  shall  not  exceed  1/16  inch. 

6.3.2.9  Protrusion  of  Pretensioning  Tendons 

Strands  of  wires  shall  not  project  more  than  1  inch  beyond  the  ends  of  the  ties. 

6.3.2.10  End  of  Posttensioning  Tendons 

To  protect  against  corrosion,  the  ends  of  posttensioning  tendons  shall  not 
protrude  beyond  the  ends  of  the  ties  and  shall  be  covered  to  the  extent  specified 
in  Art.  6.3.2.11  with  concrete,  epoxy  grout  or  other  material  approved  by  the  en- 
gineer. 

6.3.2.11  Concrete  Protection  for  Reinforcement  Against  Corrosion 

The  following  minimum  specified  cover  for  reinforcement,  prestressing  ten- 
dons,  ducts,   or  prestressing   end   fittings'"'    shall   be   as  follows: 

(a)  Prestressed,   precast  cross   ties    ( pretensioned   or   post- 
tensioned )     %   inch 

(b)  Reinforced,   precast   cross   ties 

No.  6  bars,  %-ineh  wire,  and  smaller    %  inch 

Other   bars    one  bar  diameter 

6.3.2.12  Tolerances    for   Placing   Reinforcement 

(a)  The  tolerance  for  clear  concrete  protection  (cover)  and  for  depth.  </.'"  for 
reinforcing  steel  shall  be  ±  's  inch;  for  prestressing  tendons  ±    1/16  inch, 

(b)  The  tolerance  for  longitudinal  location  of  bends  in  reinforcing  bars  shall 
be  ±  2  inches. 

(c)  The  tolerance  for  the  location  of  ends  of   reinforcing  bars  shall  be   ±   K  inch. 

6.3.2.13  Surface  Finish 

(a)  The  top  and  side  Surfaces  of  the  ties  shall  present  a  smooth,  uniform 
appearance.    A    random    scattering    of    surface    voids    will    not    be    cause    tor    rejection. 

Heavy  concentrations  of  surface   voids  or  evidence  of  improper  mixing,  vibrating 

or   curing   will    be   cause   for   rejection. 

'■"  This  dues  ii.it  appl)  to  the  ends  nl  pretensii ining  tendons  which  m.i\  protrude  from  the 
end  of  tli«'  tic  Sec  also  Art.  8.3.2.9. 

'"   Distance  from  extreme  compression  fiber  to  cenrroid  "i  tension  reinforcement 
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(b)  The  ends  of  the  ties  need  not  be  flat  planes  or  surfaces,  but  there  shall  be 
no  evidence  of  tearing  of  the  concrete  where  the  prestressing  strands  emerge  or  of 
any  void  in  contact  with  a  strand. 

(c)  Occasional  spalling  of  a  small  portion  of  rail  seat  shoulders  may  occur 
during  the  stripping  operation.  Such  spalling  will  not  be  cause  for  rejection  unless 
it  involves  that  portion  of  a  shoulder  against  which  the  heel  of  rail  fastening  clip 
bears. 

6.4  FLEXURAL  STRENGTH  OF  PRESTRESSED  MONOBLOCK  TIES 

6.4.1  CONSIDERATIONS 

Monoblock  ties  are  stiff  structural  members  that  are  loaded  by  the  rails  from 
the  top  and  are  supported  on  the  ballast  at  the  bottom.  The  loads  applied  at  the 
top  combined  with  the  support  reactions  at  the  bottom  will  produce  flexure  in  the 
ties.  Maximum  flexure  occurs  at  the  railseats  and  at  the  center.  Flexure  is  influenced 
by  a  number  of  factors  discussed  in  Section  6.1,  General  Considerations. 

6.4.1.1  Wheel  Loads 

In  order  to  give  satisfactory  service  a  prestressed  monoblock  concrete  tie  should 
be  capable  of  withstanding  without  cracking  the  maximum  loads  likely  to  be  found 
in  service. 

6.4.1.2  Railseat  Load 

The  railseat  load  is  that  load  transmitted  by  the  rail  to  the  railseat  of  the  tie. 
It  is  the  design  wheel  load  modified  by  die  distribution  and  impact  factors.  For 
various  tie  spacings  the  following  railseat  loads  are  used  to  determine  the  flexure 
requirements  in  Art.  6.4.2,  Table  I: 

Spacing,  Inches  Railseat  Load,  Pounds 

30  37,000 

27  34,000 

24  31,000 

21  28,000 
As  railseat  loads  are  reduced  so  also  are  the  flexural  requirements  of  ties  and 

the  unit  pressures  on  the  ballast  and  subgrade. 

6.4.1.3  Ballast  Reaction 

The  load  transmitted  to  the  tie  is  resisted  by  the  ballast  at  the  interface  be- 
tween the  bottom  of  the  tie  and  the  ballast.  Immediately  following  tamping  the 
ballast  reaction  is  concentrated  under  the  tamped  portions  of  the  tie  with  little  if 
any  reaction  occurring  under  the  center  portion  of  the  tie.  This  condition  usually 
produces  positive  flexure  at  the  railseats  and  the  tie  center.  Over  a  period  of  time, 
because  of  repeated  loads,  vibration  and  crushing  of  ballast,  the  ballast  will 
gradually  compact,  moving  away  from  the  areas  of  greatest  concentration.  The  tie, 
therefore,  settles  slightly  into  the  ballast,  allowing  the  center  portion  of  the  tie  to 
pick  up  a  portion  of  the  load  thus  reducing  the  amount  of  load  carried  by  the  tie 
ends. 

Redistribution  of  ballast  reaction  will  continue  until  eventually  a  condition  of 
uniform  ballast  reaction  over  the  entire  length  of  the  tie  is  approached.  This  support 
condition  produces  positive  flexure  at  the  railseats  and  negative  flexure  at  the  center 
of  tie.  It  also  makes  possible  a  simple  analysis  for  flexure  in  the  tie  by  using  the 
formulas: 
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(1)   M 
where 


W  Lr 
2 


Mr  =  Moment  at  the  railseat. 

W  =  Total  vertical  load  in  pounds/inch  of  tie  length. 
Li  =  Distance  from  center  line  of  rail  to  end  of  tie. 


(2)    M,= 
where 


WLr 


M,  or 


W(La*  —  4US) 


M,  =  Moment  at  center  of  tie. 
La  =  Distance  center  to  center  of  rails. 

W  =  Total  vertical  load  in  pounds/inch  of  tie  length  = 

M,  =  Moment  at  the  railseat. 
Li  =  Distance  from  center  line  of  rail  to  end  of  tie. 


2(Rail  Seat  Load) 
2L,  +  L, 


To  insure  ties  that  will  not  crack  under  normal  service  conditions  the  bending 
moments  produced  by  this  approach  are  considered  adequate. 

6.4.2  DESIGN    FLEXURAL    REQUIREMENTS    FOR    PRESTRESSED    MONO- 
RLOCK  TIES 

Table  I 


Required  Flexural  Capacity — With 

out  Cracking 

Tie 

Length 

Tie  :; 
Spacing 

Railseat — Positive 2 

Center —  Negative 2 

Center —  Posit  it  *e 

8'-0 » 

21" 

150  inch-kips 

185  inch-kips 

00  inch-kipa 

24" 

150 

205 

90 

27" 

150 

225 

«.)() 

30" 

150 

245 

90 

8'-6 ' 

21" 

150 

150 

90 

24" 

150 

155 

90 

27" 

165 

170 

100 

30" 

180 

185 

110 

9'  0 

21" 

165 

150 

100 

24" 

185 

150 

no 

27" 

200 

150 

120 

30" 

220 

150 

135 

«)'-<> 

21" 

200 

150 

120 

24" 

220 

150 

L35 

27" 

240 

150 

1  i:> 

30" 

260 

150 

ICO 

"'  For  existing  tie  designs  haviiin  reduced  bottom  width  at  center  of  tie:  The  rnilsc.it  and 
center  positive  flexural  requirements  shall  he  increased  by  10  percent  and  the  center  negative 
flexural  requirements  shall  be  decreased  by  10  percent  (but  shall  not  be  less  than  110  inch- 
kips)    because   of   the    redistributed    ballast    reaction    associated    with    such    designs. 

(-'  The  values  shown  in  the  Railseat — Positive,  and  Center — Negative,  columns  above  have 
been  increased  by  10  percent  to  allow  lor  long-term  losses  in  prestressed  ties.  The)  also  have  been 
rounded  off  to  the-  next  larncr  increment  of  5  inch-kips.  Where  applicable-  the\  also  have  been  in- 
creased   to   a    minimum    of    150    inch-kips. 

11  For  tie  SpacingS  other  than  those  shown,  llexiire  requirements  shall  be  determined  b)  in- 
terpolation. 
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6.4.3  TEST  REQUIREMENTS  FOR  APPROVING  THE  DESIGN  OF  A  TIE 
6.4.3.1 

The  minimum  positive  flexural  capacity  at  the  railseats  of  the  tie  shall  be  as 
shown  in  Table  I  for  the  tie  length  and  spacing  to  be  used  when  tested  in  accord- 
ance with  the  Railseat  Vertical  Load  Test  described  in  Art.  6.9.1.4. 

6.4.3.2 

The  minimum  negative  flexural  capacity  at  the  center  of  the  tie  shall  be  as  shown 
in  Table  I  for  the  tie  length  and  spacing  to  be  used  when  tested  in  accordance  with 
the  Negative  Bending  Moment  Test  described  in  Art.  6.9.1.6. 

6.4.3.3 

The  minimum  positive  flexural  capacity  at  the  center  of  the  tie  shall  be  as 
shown  in  Table  I  for  the  tie  length  and  spacing  to  be  used  when  tested  in  accord- 
ance with  the   Positive  Bending   Moment  Test   described  in  Art.   6.9.1.7. 

6.4.3.4 

The  tie  must  meet  the  requirements  of  the  Railseat  Repeated-Load  Test  de- 
scribed in  Art.  6.9.1.5. 

6.4.3.5 

The  tie  must  meet  the  requirements  of  the  Bond  Development  and/or  the 
Ultimate  Load  Test  described  in  Art.  6.9.1.8. 

6.5  FLEXURAL  STRENGTH  OF  TWO-RLOCK  TIES 

6.5.1  CONSIDERATIONS 

Two-block  ties  consist  of  two  blocks  of  concrete  connected  by  a  third  mem- 
ber. Under  load,  flexure  will  occur  in  the  end  blocks,  and  while  flexure  does  occur 
in  the  connecting  element,  its  flexural  resistance  is  relatively  small,  thus  one  block 
is   able   to   deflect  with   respect  to   the   other. 

Consideration  of  distribution  factor,  impact  factor,  wheel  loads,  railseat  loads, 
and  tie  spacings  are  the  same  as  for  monoblock  ties. 

6.5.1.1  Ballast  Reaction 

For  two-block  ties  each  tie  block  must  distribute  a  full  railseat  load  to  the 
ballast.  Assuming  this  distribution  over  a  period  of  time  will  approach  uniformity, 
the  flexural  requirements  for  a  tie  block  may  be  determined  by  the  formula 

where  M,  =  Moment  at  the  railseat. 

tt>  =  Railseat  load  in  pounds/inch  of  tie  block  length. 
L  is  assumed  to  be  one-half  the  length  of  the  tie  block. 

The  magnitude  of  the  terms  w  and  L  are  influenced  by  tie  block  length.  This 
influences  the  flexural  requirements. 

Flexural  requirements  for  five  lengths  of  tie  blocks  and  four  tie  spacings  are 
shown  in  Table  III.  Flexural  requirements  for  block  lengths  other  than  those  shown 
may  be  calculated,  but  in  no  case  should  the  railseat  positive  flexural  capacity  be 
less  than  150  inch-kips. 
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6.5.1.2  Tie  Flexibility 

The  connecting  element  of  two-block  ties  should  be  sufficiently  stifl  to  main- 
tain track  gage  and  tie  integrity  during  handling,  track  construction  and  track 
maintenance.  Under  load,  nonuniform  ballast  support  reactions  may  cause  differen- 
tial deflection  between  the  blocks  of  a  tie.  The  connecting  element  must  therefore 
be  flexible  enough  to  accept  the  maximum  deflections  likely  to  occur  in  track  with- 
out damage  to   the  element  or  to  the  concrete  blocks. 

Minimum  stiffness  and  specific  deflection  without  damage  requirements  have 
therefore  been  made  a  part  of  these  specifications. 

6.5.1.3  Allowable  Cracking 

a.  Reinforced  cross  ties  when  subjected  to  loads  producing  flexure  in  the  blocks 
must  crack  in  order  for  the  main  reinforcement  to  work.  Corrosion  of  steel  reinforce- 
ment is  related  to  crack  width  and  external  environment.  The  maximum  crack  width 
allowed  in  Art.  6.5.1.3e,  Table  II,  should  not  contribute  to  corrosion  of  steel  rein- 
forcement under  normal   railroad   environments. 

b.  Cracks  shall  be  measured  on  the  side  surfaces  of  the  tie  blocks  at  a  level 
directly  opposite  the  reinforcement  closest  to  the  tension  face  of  the  tie.  If  it  is  not 
possible  to  measure  a  crack  at  this  level  due  to  chipping  of  the  concrete  or  surface 
imperfections,  measurements  shall  be  taken  equidistant  above  and  below  this  level 
and  the  two  values  averaged  to  obtain  the  width  of  the  crack. 

c.  Cracks  shall  be  measured  using  a  hand-held  graduated  microscope  of  suffi- 
cient power  and  accuracy  to  measure  crack  widths  to  the  nearest  0.001   inch. 

d.  Cracks  shall  not  extend  to  prestressing  tendons  or  longitudinal  reinforcing 
steel  of  less  than  %  inch  diameter. 

6.5.1.3e  Table  II 


No.  of  ('nicks* 

Max.  Width- 

-Inch 

.1/7/.  Width — Inch 

1 

2                               

0.006 
0.006 
0.006 
0.006 

0.005 

3                                

0.004 

4  or  more                        

0.003 

'Per  side  per  tie  block 
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0.5.2  DESIGN   FLEXURAL   REQUIREMENTS   FOR   TWO-BLOCK   TIES 

Table  III 
Required  Flexural  Capacity'"' 


Length  Tie 

Tie  * 

Railseat- 

-Positive* 

Railseal — 

Negative 4 

Block- 

Spacing 

Inches 

Inches 

Reinf.  Tie 

P/S  Tie l 

Reinf.  Tie 

P/S  Tie 

30 

21 

150  inch-kips 

150  inch-kips 

105  inch-kips 

105  inch-kips 

24 

150 

150 

105 

105 

27 

150 

150 

105 

105 

30 

150 

155 

105 

110 

33 

21 

150 

150 

105 

105 

24 

150 

150 

105 

105 

27 

150 

155 

105 

110 

30 

155 

170 

110 

120 

3G 

21 

150 

150 

105 

105 

24 

150 

155 

105 

110 

27 

155 

170 

110 

120 

30 

170 

185 

120 

130 

39 

21 

150 

150 

105 

105 

24 

150 

165 

105 

115 

27 

170 

185 

120 

130 

30 

185 

200 

130 

140 

42 

21 

150 

165 

105 

115 

24 

165 

180 

115 

130 

27 

180 

195 

130 

140 

30 

195 

215 

140 

150 

(,)  Prestressed  or  prestressed-reinforced 

'-'  For  tie  spacings  other  than  those  shown,  the  flexure  requirements  shall  be  determined 
by   interpolation. 

(:!)  The  values  shown  in  the  the  Railseat — Positive,  P/S  Tie  column  above  have  been  in- 
creased by  10  percent  to  allow  for  long-term  losses  in  prestressed  ties.  The  resulting  values 
and  the  values  shown  in  the  Railseat — Positive,  Reinf.  Tie  column  above  have  been  rounded 
off  to  the  next  larger  increment  of  5  inch-kips.  Where  applicable  they  also  have  been  increased 
to  a  minimum  of  150  inch-kips, 

(,)   0.7   X   Railseat — Positive  requirement  rounded  to  the  next  larger  increment  of  5  inch  kips. 

6.5.3  TEST  REQUIREMENTS  FOR  APPROVING  THE  DESIGN  OF  A  TIE 

6.5.3.1 

The  minimum  positive  and  negative  flexural  capacity  of  the  tie  blocks  shall  be 
as  shown  in  Table  III  for  the  tie  block  length  and  tie  spacing  to  be  used  when 
tested  in  accordance  with  the  Railseat  Positive  and  Railseat  Negative  Moment 
Tests  described  in  Arts.  6.10.1.4  and  6.10.1.5. 

6.5.3.2 

The  ties  must  meet  the  requirements  of  the  Railseat  Ultimate  Load  Test  de- 
scribed in  Art.  6.10.1.9. 
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6.5.3.3 

The  ties  must  meet  the  requirements  of  the  Railseat  Repeated  Load  Test  de- 
scribed in  Art.  6.10.1.8. 

6.5.3.4 

The  ties  must  meet  the  requirements  of  the  Center  Negative  and  Center  Posi- 
tive Bending  Moment  Tests  described  in  Arts.  6.10.1.6  and  6.10.1.7. 

6.6  LONGITUDINAL  RAIL  RESTRAINT 

6.6.1  CONSIDERATIONS 

Longitudinal  movement  of  rail  must  be  restrained  to  avoid  track  "buckling" 
in  extreme  high  temperatures  and  rail  "pull  aparts"  in  extreme  low  temperatures. 
In  addition  to  the  effects  of  temperature  changes,  restraints  must  overcome  the 
greater  of  effects  of  braking  or  traction  of  trains. 

6.6.1.1  Temperature  Induced  Loads 

The  longitudinal  force  due  to  temperature  change  may  be  determined  using 
the  formula 

<F~^S     -p 
2TAE        ~ 

Where    F  =  Total  force  in  pounds  required   to   fully  restrain  rail  against  any  rail 

movement   due  to   temperature  variation  from  the  rail  temperature  at 

laying.  ( Use  formula  F  =  As^T,  where  A  =  area  of  rail  cross  section 

in  square  inches,  s  =  internal  temperature  stress  developed  in  the  rail 

by  the  restraining  forces,  s  =  30,000,000  X  1°  X  0.0000065  =  195  psi. 

■^T  =  temperature  change  from  mean  laying  temperature). 

/  =  Joint  restraint   ( say  /  =  0 ) . 

S  =  Average  tie  spacing  in  inches. 

T  =  Average  tie  resistance  in  pounds  per  tie  per  rail. 

A  —  Area  of  rail  cross  section  in  square  inches. 

E=  Modulus  of  elasticity   (30,000,000  psi). 

D  =  Maximum   rail   end   movement   (say  0.375   inch). 

Solving  for  T: 

T_    F-S  35,870,087 ,236S 

~  2DAE    "  194,250,000        _ 

Where    F  =  75°  X  195  X  12.95  =  189,394  lb 
D  =  0.2S   inch 
A  =  12.95  sq  inches 
E  =  30,000,000  psi 
S  =  21   inches,  24  inches,  30  inches. 
For  21-inch  tie  spacing:    T  =  2585  lb   (say  2.6  kips) 
For  24-inch  tie  spacing:    T  =  2955  lb   (say  2.9  kips) 
For  30-inch  tie  spacing:   T  =  3693  lb   (say  3.7  kips) 

6.6.1.2  Traffic-Induced  Loads 

Only  the  larger  of  traffic-induced  loads  due  to  traction  or  braking  need  be  con- 
sidered as  they  cannot  occur  together  at  a  single  point  on  a  rail. 
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Using  Cooper  E  80  loading  and  formula  as  found  in  AREA  Manual  p. 
15-1-10,  1965,  it  can  be  determined  that  force  due  to  traction  exceeds  the  force 
due  to  braking  and  equals  approximately   10  kips. 

6.6.1.3  Tie  Spacing 

Since  only  about  50  percent  of  the  load  on  a  rail  is  carried  by  the  tie  directly 
under  it  with  the  two  adjacent  ties  carrying  the  remainder,  we  can  arrive  at  the 
max i mu in  force  expected  for  ties  spaced  as  follows: 

21-inch  Spacing,  50%  of  10  kips  +  2.6  kips  —  7.6  kips 

24-inch  Spacing,  50%  of  10  kips  +  2.9  kips  =  7.9  kips 

30-inch  Spacing,  50%  of  10  kips  +  3.7  kips  =  8.7  kips 

Since  the  greater  weight  of  train  should  provide  an  increased  friction  between 
rail  and  tie  and  between  tie  and  ballast,  it  is  felt  traffic-induced  loads  can  be  ig- 
nored insofar  as  longitudinal  restraint  is  concerned. 

The  restraint  provided  between  rail  and  tie,  however,  need  not  exceed  the 
ability  of  ballast  section  to  restrain  the  movement  of  ties  longitudinally  in  the  bal- 
last section.  It  may  also  be  assumed  that,  in  continuous  welded  rail,  some  of  the 
longitudinal  force  due  to  both  braking  and  traction  is  transmitted  ahead  and  be- 
hind and  absorbed  by  ties  not  under  or  adjacent  to  the  load.  In  studies  made 
by  AREA  as  reported  in  Vol.  56,  1955,  the  maximum  individual  tie  pressure  was 
recorded  as  2930  lb.  This  was  in  gravel  ballast  with  ties  spaced  an  average  of  19.5 
inches  ( 24  ties  per  rail ) .  The  study  further  concluded  that,  in  gravel  ballast,  the 
holding  power  of  such  ballast,  not  frozen,  should  not  be  considered  to  exceed 
1200  lb  per  anchor.  Slag,  limestone  and  granite  ballast  should  be  able  to  provide 
greater  resistance  to  tie  movement 

Concrete  ties  should  at  least  equal  the  restraining  ability  of  timber  ties. 

6.6.2  REQUIREMENTS 

Fastenings  for  concrete  ties  must  have  the  ability  to  restrain  longitudinal  move- 
ment of  rail  as  determined  by  test  procedure  specified  in  Art.  6.9.1.12,  as  follows: 
21-inch  tie  spacing,  2600  lb  per  tie  per  rail. 
24-inch  tie  spacing,  2900  lb  per  tie  per  rail. 
27-inch  tie  spacing,  3300  lb  per  tie  per  rail. 
30-inch  tie  spacing,  3700  lb  per  tie  per  rail. 

Welded  rail  must  be  laid  at  the  proper  temperature  range  or  additional 
anchorage  provided  at  the  ends  of  strings. 

6.7  LATERAL  RAIL  RESTRAINT 

6.7.1  CONSIDERATIONS 

Truck  instability  may  occur  in  the  wheel-rail  interface  due  to  excessive  forces 
interacting  between  die  wheel  and  rail  in  the  lateral  direction.  These  lateral  forces 
tend  to  cause  wheel  flanges  to  climb  the  gage  side  of  the  rail  when  there  is  ex- 
cessive lateral  flange  pressure  in  relation  to  actual  vertical  loads.  These  lateral 
pressures  are  caused  by  one  or  more  of  the  following  conditions: 

(a)  Nosing   or   hunting   of   truck   assemblies   at   a   repetitive   frequency. 

(b)  Centrifugal  forces  on  curved  track. 
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(c)  Impact  due  to  irregular  wheel  and/or  rail  alignment  or  configuration. 

(d)  Rotational   acceleration   of  the  vehicle  body  due   to  curvature  changes. 

(e)  Wheel  friction  from  curve  negotiation. 

6.7.1.1  Lateral  Forces 

A  rational  determination  of  lateral  force  requirements  on  track  fastenings 
would  be  to  develop  lateral  and  overturning  reactions  in  the  rail  base  to  the  de- 
gree that  the  wheel  flanges  will  climb  the  rail  before  the  rail  would  overturn. 
This  limit  may  be  determined  by  considering  the  ratio  of  lateral  force  to  vertical 
load   necessary   to   cause   flange   climbing. 

Studies  made  '"  show  that  a  ratio  of  vertical  loads  (Pv)  to  lateral  forces 
(Pi.) approaching  unity  will  permit  the  wheel  flanges  to  climb  the  rail.  Therefore, 
using  vertical  wheel  loads  of  35,000  lb  generated  by  a  high-horsepower  6-axle 
locomotive  as  design  criteria  for  maximum  vertical  loading  (Pv),  then  we  could 
expect  a  maximum  lateral  pressure  (Pi.)  to  also  be  in  the  order  of  35,000  lb.  Con- 
sequently, consideration  of  the  individual  lateral  forces  referred  to  in  Art.  6.7.1 
need  not  be  considered  since  lateral  forces  greater  than  35,000  lb.  would  cause 
wheels  to  climb. 

6.7.1.2  Lateral  Force  Distribution 

Reference  to  Fig.  6.1.2.3.1  covering  the  distribution  of  vertical  loads  to  ties 
indicates  that  the  tie  directly  under  the  load  will  receive  from  45  percent  (20-inch 
centers)  to  60  percent  (30-inch  centers)  of  the  imposed  vertical  load  while  adjacent 
ties  will  each  receive  one-half  of  the  balance.  This  distribution  of  loading  is  a  function 
of   the   rigidity   of   the    track   structure,   which    is   greatest   about   the   horizontal    axis. 

However,  rail  stressed  about  the  vertical  axis  by  pressure  induced  by  a  wheel 
Range,  has  increased  stability  caused  by  torsional  rigidity  of  the  rail  and  the  elicit 
of  the  weight  from  wheels  of  adjoining  trucks.  The  calculations  to  compare  the  two 
conditions  of  loading  are  complex,  but  for  our  purposes  the  resistance  to  bending 
in  the  vertical  and  horizontal  axis  are  in  the  same  order  of  magnitude  under  these 
conditions.  Therefore,  lateral  loads  applied  to  the  tie  may  be  expected  to  be  dis- 
tributed in  a  manner  similiar  to  vertical  loads. 

Rased  on  the  foregoing,  the  tie  insert  shall  accommodate  the  following  design 
stresses  in  combination: 

Horizontal  Shear: 

Lateral    Force    /    Distribution    Factor    (DF) 

Vertical  Reaction: 

r/  ,^  Rail  Height\      /Vertical  Load  \"1  _.     ..      . 

[(Lateral  Force  X     Hai,   BaM.  J  ~  (        ~^         )\       \    D,stnbution   Factor 

6.7.2.1  Rail  Fastener  Requirements 

(a)  Track  constructed  of  concrete  lies  and  appropriate  fasteners  shall  nol  ex- 
perience gage  widening  of  more  than  'i-inch  when  lateral  wheel  loads  of  35, <•()()  lb 
are  applied  to  one  rail.   (See  Art  6.9.1.13  for  design  tests.) 
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(b)  If  a  concrete  shoulder  is  used  to  restrain  tin-  lateral  movement  of  the 
rail,  a  suitable  bearing  surface  shall  be  provided  to  transmit  the  lateral  forces  to  die 
tie. 

(c)  Inserts  shall  be  arranged  to  distribute  the  load  uniformly  in  the  body  of 
the  tie  and  through  the  rail  hearing  area.  The  rail  support  insert  shall  withstand  a 
pullout  force  of  12.000  lb.  (See  Arts.  6.9.1.9.1.  6.9.1.11  and  6.9.1.13  for  design 
tests.  | 

(d)  Deflection  and  rotational  limits  of  the  bearing  pads  shall  be  subject  to 
conditions   outlined   in  Art.   6.7.2.1    (a)    above. 

0.7. 2. 2  Track  Geometry 

(a)  It  is  recommended  that  concrete  ties  be  installed  on  curves  only  if  the  curves 
bave   AREA-recommended.   or  equal,   spiral   approach  and  departure  transitions. 

(b)  It  is  recommended  that  concrete  ties  not  be  installed  in  curves  designed 
for   an    unbalanced   superelevation   greater   than   3   inches. 

6.8  ELECTRICAL  PROPERTIES 

6.8.1  CONSIDERATIONS 

6.8.1.1  Signal  Circuits 

The  engineer  must  give  consideration  to  the  electrical  environment  in  selecting 
concrete  tie  designs  and  specifications.  While  concrete  is  not  a  good  conductor  of 
electricity,  it  does  not  bave  sufficient  resistance  or  impedance,  particularly  when 
steel  reinforcement  is  in  close  proximity  to  rail  fastening  components,  to  insure 
trouble-free  operations  of  signal  appliances  depending  upon  electrical  isolation  of 
the  rails  if  the  rails  are  not  insulated  from  the  concrete.  From  die  viewpoint  of 
signal  operation,  the  value  of  concern  is  the  impedance  per  1,000  ft  of  track 
rather  than  die  impedance  per  tie.  The  former  includes  electrical  leakage  through 
ballast  as  well  as  the  ties  which  can  be  considered  impedances  connected  in  parallel. 
In  addition,  signal  circuits  must  be  expected  to  perform  in  wet  trackage,  and  under 
a  variety  of  voltages,  both  AC  and  DC. 

6.8.1.2  Electric  Traction 

Electric  propulsion  systems  most  often  rely  upon  ground  return  through  trackage 
for  circuit  completion.  Under  these  circumstances,  it  is  desirable  that  die  imped- 
ance between   rails   and  ground    ( ballast   and  subsoil )    not  exceed  certain   maximum 

\  allies. 

6.8.2  REQUIREMENTS 

Individual  concrete  cross  ties  for  use  in  signal  circuit  tracks  together  with 
their  fastenings  should  be  electrically  isolated  from  the  running  rails  so  as  to  pro- 
vide  a  minimum  impedance  of  20.000  ohms  per  tie  when  A.C  energy  of  10  volts, 
60  Hertz  is   applied.    (See  Art.  6.9.1.14  for  test  procedure.) 

6.9  TESTING  OF  MONOBLOCK  TIES 

6.9.1   DESIGN  TESTS  OF  MONOBLOCK  TIES 

Prior  to  approval  of  concrete  tie  designs,  monoblock  concrete  ties  of  the  design 
under   study   shall   be   subjected   to   testing   for  compliance  with    these   specifications. 
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The  tests  specified  herein  shall  be  performed  at  testing  Facilities  approved  b>  the 
engineer  within  30  days  of  casting. 

From  a  lot  of  not  less  than  ten  ties  produced  in  accordance  with  these  specifi- 
cations four  ties  will  he  selected  at  random  by  the  engineer  for  laboratory  testing. 

For  design  testing  of  fasteners,  the  manufacturer  shall  also  furnish  a  section  oi  the 
tie  or  a  concrete  block  with  rail  seat  and  rail  fastening  system  identical  to  tlie  con- 
crete ties  furnished  for  testing. 

The  tie  block  and  each  of  the  four  ties  submitted  for  testing  shall  be  care- 
fully measured  and  examined  to  determine  their  compliance  with  the  requirements 
of  Sections  6.2  and  6.3.  Upon  satisfactory  completion  of  this  examination,  the 
tie  block  and  two  ties,  which  shall  be  known  and  identified  as  Tie  "1"  and  Tie 
"'2'.  shall  be  subjected  to  performance  tests  specified  in  Arts.  6.9.1.4  6.9.1.5 
6.9.1.6.  6.9.1.7.  6.9.1.8,  6.9.1.9,  6.9.1.10,  6.9.1.11,  and  6.9.1.12.  The  remaining  two 
ties,  which  will  he  known  and  identified  .is  Ties  "3"  and  "4",  will  he  retained  l<> 
the  engineer  for  further  test  use  (Art.  6.9.1.14)  and  as  a  control  for  dimensional 
tolerances   and   surface   appearance   of   ties   subsequently   manufactured. 

6.9.1.1  Sequence  of  Design  Tests  (Tie  "1") 

The  sequence  of  design  performance  tests  using  Tie  "1"  shall  be  as  follows: 
(a)  Rail   Seat   Vertical    Load  Test   (described   in   Art.   6.9.1.4) — Shall   be  per- 
formed on   one   rail   scat,   hereinafter  designated   rail   seat  A. 
1-    Negative    Bending   Moment   Test   (described    in   Art.   6.9.1.6). 
(c)  Positive    Bending    Moment    Test    (described    in    Art.    6.9.1.7). 
d     Rail    Seat    Vertical    Load   Test   (described    in    Art.    6.9.1.4)— Shall    he   per- 
formed  on   the   other   rail    scat,    hereinafter   designated   rail    seat    B. 
(e)    Rail  Seat  Repeated  Load  Test  (described  in  Art.  6.9.1.5) — Shall  be  per- 
formed on  rail  seat  B. 
f    Bond  development  and   Ultimate  Load  Test  (described  in  Art.  6.9.1.8) — 
Shall  be  performed  on  rail  scat  A. 

6.9.1.2  Sequence  of   Design  Tests  (Tie  "2") 

The    sequence    of    design    performance    tests    using   Tie    "2"   shall    he    as    follows: 

Fastener    Insert   Test    (described    in   Art.   6.9.1.9) — Shall    he   performed 

on  all   inserts. 

b     Fastening  Uplift  Test  (described  in  Art.  6.9.1.10) — Shall  be  performed 

on  one  rail   seat. 

(c)   Electrical   Resistance  and   Impedance  Test   (described  in  6.9.1.14). 

6.9.1.3  Sequence  of  Design  Tests  (Tie  Block) 

The  sequence  of  design  performance  tests  using  the  tie  blocks  shall  he  as  follows: 

(a)  Fastening   Repeated  Load  Test   (described  in  Art.  6.9.1.11). 

(b)  Fastening  Longitudinal  Restraint    Test  (described  in    \xt.  6.9.1.12). 
Fastening   Lateral   Restraint  Tesl     <\<   cribed  in  Art.  6.9.1.13). 

6.9.1.4  Rail  Scat  Vertical  Load  Test 

With    the    tie    supported    and    loaded    as    shown    in    Figure    I.    a    load    increasing 
it    a    rate    not    greater    than    5    kips    pet    minute    shall    he    applied    until    the    load       /' 
required    to   produce    the    specified   rail    seat   design    moment    from    Ail     '     I         Design 
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Flexural  Requirements  for  Prestressed  Monoblock  Ties,  Table  I,  is  obtained.  This  load 
shall  !)c  held  for  not  less  than  3  minutes,  during  which  time  an  inspection  shall  be 
made  to  determine  if  structural  cracking  occurs.  An  illuminated  5-power  magnifying 
glass  may  be  used  to  locate  cracks.  It"  structural  cracking  does  not  occur,  the  reguire- 
ments  of  this  test  will  have  been  met. 

0.9.1.5  Rail  Seat  Repeated-Load  Test 

Following  the  vertical  load  test  on  rail  scat  B,  the  load  shall  be  increased 
at  a  rate  of  5  kips  per  minute  until  the  tie  is  cracked  from  its  bottom  surface  up 
to   the  level   of  the  lower  layer  of  reinforcement. 

After  removal  of  the  static  rail  seat  load  necessary  to  produce  cracking,  the 
tie  shall  be  subjected  to  3  million  cycles  of  repeated  loading  with  each  cycle  varying 
uniformly  from  4  kips  to  the  value  of  LIP.  The  repeated  loading  shall  not  exceed 
600  cycles  per  minute.  If,  after  the  application  of  3  million  cycles,  the  tie  can 
support  the  rail  seat  load  (LIP),  the  requirements  of  this  test  will  have  been 
met. 

0.9.1.6  Negative  Bending  Moment  Test 

With  the  tie  supported  and  loaded  as  shown  in  Figure  II,  a  load  increasing 
at  a  rate  not  greater  than  5  kips  per  minute  shall  be  applied  until  the  load  re- 
quired to  produce  the  specified  negative  center  design  moment  from  Table  I  is  ob- 
tained. The  load  shall  be  held  for  not  less  than  3  minutes,  during  which  time  an 
inspection  shall  be  made  to  determine  if  structural  cracking  occurs.  An  illuminated, 
5-power  magnifying  glass  may  be  used  to  locate  cracks.  If  structural  cracking 
does  not  occur  the  requirements  of  this  test  will  have  been  met. 

6.9.1.7  Positive  Mending  Moment  Test 

With  the  tie  supported  and  loaded  as  shown  in  Figure  III,  a  load  increasing  at 
a  rate  not  greater  than  5  kips  per  minute  shall  be  applied  until  the  load  required 
to  produce  the  specified  positive  center  design  moment  from  Table  I  is  obtained. 
The  load  shall  be  held  for  not  less  than  3  minutes,  during  which  time  an  inspec- 
tion shall  be  made  to  determine  if  structural  cracking  occurs.  An  illuminated,  5- 
power  magnifying  glass  may  be  used  to  locate  cracks.  If  structural  cracking  does 
not   occur,   the   requirements   of  this  test   will   have   been  met. 

6.9.1.8  Bond  Development  and  Ultimate  Load  Test 

(a)  Pre-tensioned  concrete  ties  shall  be  tested  for  bond  development  as  speci- 
fied below: 

( 1 )  With  the  tie  supported  and  loaded  at  rail  seat  A  as  shown  in  Figure  I, 
a  load  increasing  at  a  rate  not  greater  than  5  kips  per  minute  shall  be 
applied  as  follows: 

(i)   A  total  load  of  1.75P  shall  be  applied   (the  load  P  shall  be  as  de- 
termined  in   "Rail  Seat  Vertical  Load  Test"  above). 
(ii)    If  initial  cracking  occurs  at  or  above  LIP,  a  total  load  of  1.5P  shall 
be  applied 

If  there  is  no  more  than  0.00 1-inch  strand  slippage  determined  by  an  ex- 
tensometer  reading  to  1/10,000  suitably  attached  to  the  end  of  the  tie,  the 
requirements   of   this   test   will   have   been   met.   The   load   shall   then   be   in- 
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creased  until  ultimate  failure  occurs  and  the  maximum  load  obtained  shall 
he  recorded  to  serve  as  reference  For  the  quality  control  tests  specified  iii 
Art.  6.9.2. 

(b)  Post-tensioned  concrete  ties  shall  be  tested  for  ultimate  strength  as  speci- 
fied below: 

With  the  tie  supported  and  loaded  as  shown  in  Figure  I,  a  load  increasing 
at  a  rate  not  greater  than  5  kips  per  minute  shall  be  applied  until  a  total  load 
equal  to  that  specified  in  Art.  6.9.1.8  (a),  (i),  or  (ii)  is  obtained.  If  the  tie  can  support 
this  load  for  a  period  of  not  less  than  5  minutes,  the  requirements  of  this  test  will 
have  been  met.  The  load  shall  then  be  increased  until  ultimate  failure  of  the  tie 
occurs,  and  the  maximum  load  obtained  shall  be  recorded  to  serve  as  a  reference 
for  the  quality  control  tests  specified  in  Art.  6.9.2. 

6.9.1.9  Fasteners  Insert  Tests 

(a)  Threaded-Type   Inserts 

To  determine  the  ability  of  threaded  inserts  to  resist  the  bolt  tension  and 
ability  of  the  concrete  rail  seat  to  carry  any  differential  vertical  load  between  the 
rail  and  the  concrete  tie,  the  following  test  shall  be  performed  on  each  insert 
as  shown  on  Figure  IV.  An  axial  load  of  12  kips  shall  be  applied  to  each  insert 
separately  and  held  for  not  less  than  3  minutes,  during  which  time  an  inspection 
shall  be  made  to  determine  if  there  is  any  slippage  of  the  insert  or  any  severe 
cracking  of  the  concrete.  If  such  failures  occur,  then  the  requirements  of  this  test 
will  not  have  been  met.  Inability  of  the  insert  itself  to  resist  the  12-kip  load  shall 
also  constitute  failure  of  this  test. 

Following  successful  completion  of  the  insert  pullout  test,  the  following  test 
shall  be  performed  on  each  rail  fastening  insert  to  determine  its  ability  to  resist 
turning.  A  high-strength  shoulder  bolt  of  the  proper  diameter  for  the  insert  being 
tested  and  having  a  threaded  length  of  1  3/8  inches  shall  be  threaded  into  the  insert 
and  torqued  to  150  percent  of  the  torque  recommended  by  the  fastener  manu- 
facturer for  normal  installation.  The  load  shall  be  held  for  not  less  than  3  minutes. 
Ability  of  the  insert  to  resist  this  torque  shall  constitute  passage  of  this  test. 

(  b  )    Other  Fastener  Inserts 

Other  fasteners  shall  be  subject  to  the  pull-out  tests  and  torque  test  (if  ap- 
plicable) in  accordance  with  the  manufacturer's  recommendations  and  as  approved 
by  the  engineer. 

6.9.1.10  Fastening  Uplift  Test 

An  18  to  20-inch  piece  of  the  proper  section  of  rail  shall  be  secured  to  one  rail 
Mat     using    a    complete    rail    fastening    assembly,    including    pads,    bolts,    clips    and 

associated  hardware,  as  recommended  by  the  manufacturer  of  the  rail  fastening  sys- 
tem. In  accordance  with  the  loading  diagram  in  Figure  V,  an  18-kip  load  shall  be 
applied    and    held    for    not    less    than    3    minutes.    The    inserts    shall    not    pull    out    Ot 

loosen  in  the  concrete,  and  no  component  of  the  rail  fastening  system  shall  suffei 
any  permanent  deformation. 

6.9.1.11  Fastening  Repeated  Load  Test 

\n    18  to  20-inch  section  of   new  rail  from  which  loose  null  scale  has  been 
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removed  l>>  wiping  with  a  cloth  shall  be  secured  to  the  rail  scat  in  the  tie  block 
using  a  complete  rail  fastening  assembly.  In  accordance  with  the  loading  diagram 
in  Figure  VI,  alternating  loads  shall  be  applied  to  the  rail  seat  at  a  rate  not  less  than 
120  cycles  nor  more  than  300  cycles  per  minute  for  3  million  cycles.  Each  load  shall 
be  completely  released  before  the  other  load  is  applied.  One  cycle  shall  consist  of  the 
application  and  release  of  both  loads.  Failure  of  any  component  of  the  rail  fastening 
assembly  shall  constitute  failure  of  this  test. 

For  this  test,  retorqueing  of  threaded  elements  subsequent  to  the  completion 
of  500,000  cycles  of  load  shall  not  be  permitted  without  the  written  approval  of 
the  engineer. 

6.9.1.12  Fastening  Longitudinal  Restraint  Test 

Following  the  performance  of  the  Fastening  Repeated  Load  Test,  above,  and 
without  disturbing  the  rail  fastening  assembly  in  any  manner  other  than  retorqueing 
anchor  bolts,  the  tie  and  fastening  shall  be  subjected  to  a  longitudinal  restraint 
test.  A  longitudinal  load  shall  be  applied  as  shown  in  Figure  X  in  increments  of 
500  lb  with  readings  taken  of  longitudinal  rail  displacement  after  each  incre- 
ment. Readings  of  rail  displacement  shall  be  the  average  of  the  readings  of  two 
dial  indicators  reading  to  l/10,000di  of  an  inch,  one  placed  on  each  side  of  the 
rail  with  their  plungers  parallel  to  the  longitudinal  axis  of  the  rail.  The  load  shall 
be  applied  in  a  direction  coinciding  with  the  longitudinal  axis  of  the  rail.  The 
load  shall  be  increased  incrementally  until  a  load  of  the  value  specified  in  Art.  6.6.2 
for  the  anticipated  tie  spacing  is  reached.  This  load  shall  be  held  for  not  less  than 
15  minutes.  The  rail  shall  not  move  more  than  0.25  inch  during  the  initial  3-minute 
period,  and  there  shall  be  no  further  movement  of  the  rail  after  the  initial  3  min- 
utes. The  fastener  shall  be  capable  of  meeting  the  requirements  of  this  test  in  either 
direction.  If  these  criteria  are  met,  the  tie  and  fastenings  will  have  successfully 
passed  this  test. 

6.9.1.13  Lateral  Load  Restraint  Test 

With  an  18  to  20-inch  section  of  new  (unworn)  rail  affixed  to  the  tie  block 
in  a  manner  appropriate  to  the  fastening  being  used,  the  entire  assembly  is  sup- 
ported and  loaded  as  shown  in  Figure  XI.  The  exact  angular  relationships  shown 
may  vary  ±  3  deg;  however,  the  exact  angle  must  be  read  and  recorded  to  the 
nearest  30  minutes  and  held  constant  throughout  the  test.  The  vertical  load  (P)  is 
increased  incrementally  in  steps  of  2,500  lb  up  to  10,000  lb.  Beyond  10,000  lb 
and  up  to  the  maximum  load  of  29,000  lb  the  load  is  applied  in  increments  of 
1,000  lb.  The  load  shall  be  transmitted  from  the  head  of  the  test  machine  through 
a  flat  wooden  block  of  thickness  no  greater  than  1  inch.  Aiter  each  increment  of 
load,  the  tie  block,  rail  fastener  assembly  is  examined  for  indications  of  distortion, 
wear  or  failure  and  measurement  taken  of  rail  rotation  and  translation.  Outward 
movement  of  gage  line'"  of  the  rail  of  )'\  inch  or  greater  under  the  load  of  29,000 
lb  constitutes  failure  of  this  test.  Structural  failure  of  any  component  of  the  tie 
or  fastening  similarly  constitutes  failure. 

6.9.1.14  Electrical  Impedance  Test 

(a)    Two  short  pieces  of  rail  are  affixed  to  the  tie,  selected  from  Ties  "3"  and 


<"    A   line   5/8   inch   below  the   top   surface  of  the   rail   on  the  gajje  side  ot  the  head  parallel 
to  the  longitudinal   axis. 
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"4",  using  tic  pads,  insulators  and  fastenings  in  a  manner  appropriate  to  the  fasten- 
ing system  to  be  used. 

(b)  The  complete  assembly  shall  be  immersed  in  water  for  a  minimum  of  6 
hours. 

(c)  Within  1  hour  after  removal  from  water  an  AC  10- volt  60-Hertz 
potential  is  applied  across  the  two  rails  for  a  period  of  15  minutes.  If  the  rails  are 
rusty  or  contain  mill  scale,  the  contact  points  must  be  cleaned. 

(d)  The  current  How  in  amperes  is  read  using  an  AC  ammeter  and  the 
impedance  determined  by  dividing  the  voltage  (10)  by  the  current  flow   in  amperes. 

(e)  If  the  ohmic  impedance  determined  in  (c)  above  exceeds  20,000  ohms, 
the  tie  will  have  passed  the  test. 

6.9.2  PRODUCTION  QUALITY  CONTROL  OF  MONORLOCK  TIES 

After  the  tie  and  rail  fastening  system  have  passed  the  tests  in  Art.  6.9.1  and 
have  been  approved  by  the  engineer,  further  production  of  these  items  may  pro- 
ceed without  further  design  testing.  During  production  of  such  an  approved 
design,  quality-control  tests  must  be  performed  to  assure  a  uniform,  high-quality 
product. 

6.9.2.1  Daily   Production   Quality-Control  Tests 

The  following  production  quality-control  tests  shall  be  performed  prior  to 
delivery  and  within  30  days  of  manufacture  on  one  tie  selected  at  random  from 
every  200   ties   or   fraction   thereof  produced  each  day: 

(a)  The  distance  from  center  of  track  to  center  of  rail  seats  shall  be  verified 
and,  by  use  of  a  template,  the  rail  seat  configuration  and  insert  loca- 
tion shall  be  verified  for  compliance  with  the  requirements  of  Art.  6.3.2. 

(b)  The    Rail    Seat    Vertical    Load    Test,    Art.    6.9.1.4,    shall    be    performed. 

(c)  The   Fastener   Insert  Test,   Art.   6.9.1.9,   shall   be  performed. 

(d)  The   Electrical   Impedance   Test,   Art.   6.9.1.14,   shall   be  performed. 

6.9.2.2  Additional   Quality-Control   Tests 

To  assure  the  production  of  cross  ties  and  rail  fastenings  which  comply  with 
these  specifications,  the  manufacturer  shall  institute  whatever  additional  quality- 
control  tests,  including  concrete  compressive  strength  tests  (see  Art.  6.2.2.1),  he 
may    deem    necessary. 

6.9.2.3  Failure   to   Pass    Production   Quality-Control   Test 

Should  any  test  tie  fail  the  tests  required  by  Art.  6.9.2.1,  two  additional  ties 
from  that  same  200  tie  lot  shall  be  tested.  In  the  event  cither  of  these  ties  faiK 
100   percent    of   the    remainder   ol    the   200   tie   lot   shall    be   either   tested   or   rejected. 

6.9.2.4  Disposition  of  Test  Ties 

lies    that    pass    the    testing    requirements   and    are   not   cracked    or   othervi  ise 

damaged    after    testing    will    be    considered    acceptable    for    use    in    trail 

6.9.2.5  Ultimate    Load    Quality-Control   Test 

One   tie   selected    at    random    from    every    2,000   ties    produced    shall    he   subjected 

to  the   Bond   Development   and  or   Ultimate   Load    Test   described   in    \rt.  8.9.1.8 
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If   the   tie   fails,    three   additional    ties   shall    he   tested,   and   if   any   of   the   three   ties 
fail,   the  entire  lot  may  he  rejected  at   the  option  of  the  engineer, 

6.9.2.6  Location   for   Inspection   and   Quality-Control   Testing 

Quality-control  testing  of  production  ties  may  he  performed  at  any  test  facility, 
including  such  facilities  at  the  manufacturer's  plant,  provided  they  meet  the  approval 
of  the  engineer.  Testing  may  be  observed  by  the  engineer  or  his  designated  repre- 
sentative if  he  so  elects.  Two  copies  of  the  results  of  all  such  tests  shall  he  submitted 
to  the  engineer  within  7  days  of  the  performance  of  the  tests. 

6.10  TESTING  OF  TWO-BLOCK  TIES 

6.10.1   DESIGN  TESTS  OF  TWO-BLOCK  TIES 

Prior  to  approval  of  two-block  tie  designs,  concrete  ties  of  the  design  under 
study  shall  be  subjected  to  testing  for  compliance  with  these  specifications.  The  tests 
specified  herein  shall  be  performed  at  testing  facilities  approved  by  the  engineer 
within  30  days  of  casting. 

From  a  lot  of  not  less  than  ten  ties  produced  in  accordance  with  these  specifica- 
tions four  ties  will  be  selected  at  random  by  the  engineer  for  laboratory  testing. 
For  design  testing  of  fasteners  the  manufacturer  shall  also  furnish  a  section  of  the 
tie  or  a  concrete  block  with  rail  seat  and  rail  fastening  system  identical  to  the 
concrete  ties  furnished  for  testing. 

The  tie  block  and  each  of  the  four  ties  submitted  for  testing  shall  be  carefully 
measured  and  examined  to  determine  their  compliance  widi  the  requirements  of 
Sections  6.2  and  6.3.  Upon  satisfactory  completion  of  this  examination,  the  tie 
block  and  the  two  ties,  which  shall  be  known  and  identified  as  Ties  "1"  and  "2", 
shall  be  submitted  to  performance  tests.  The  remaining  two  ties,  which  will  be 
known  and  identified  as  Ties  "3"  and  "4",  will  be  retained  for  further  use  and  as  a 
control  for  dimensional  tolerances  and  surface  appearance  of  ties  subsequently 
manufactured. 

6.10.1.1  Sequence  of  Tests  (Tie  "1") 

The  sequence  of  design  tests  performed  with  Tie  "1"  shall  be  as  follows: 

(a)  Rail    Seat    Positive    Moment    Test    (described    in    Art.    6.10.1.4)    shall   be 

be  performed  on  each  rail  seat. 

(b)  Rail    Seat   Negative    Moment   Test   (described    in   Art.    6.10.1.5)   shall   be 

performed  on  each  rail  seat. 

(c)  Center    Negative    Bending    Moment   Test    (described   in   Art.    6.10.1.6). 

(d)  Center    Positive    Bending    Moment    Test    (described    in    Art.    6.10.1.7). 

(e)  Rail   Seat  Repeated  Load  Test    (described  in  Art.  6.10.1.8). 

(f)  Rail    Seat    Ultimate    Load   Test    (described   in    Art.    6.10.1.9). 

6.10.1.2  Sequence  of  Tests   (Tie  "2") 

The  sequence  of  design  tests  performed  with  Tie  "2"  shall  be  as  follows: 

(a)  Fastener   Insert  Tests    (described  in  Art.   6.10.1.10)   shall  be  performed 
on  all  inserts. 

(b)  Fastening   Uplift  Test   (described  in  Art.  6.10.1.11)   shall  be  performed 
on  one  rail  seat. 

(c)  Electrical  Resistance  and  Impedance  Test  (described  in  Art.  6.10.1.15). 
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6.10.1.3  Sequence   of  Tests    (Tie   Block) 

The  sequence  of  design  tests  performed  with   the  tie  block  shall  be  as  follows: 
(a)    Fastening   Repeated   Load  Test    (described   in   Art.   6.10.1.12). 
(h)   Fastening    Longitudinal    Restraint    Test    (described    in    Art.    6.10.1.13). 
(c)    Fastening   Lateral    Restraint   Test    (described   in   Art.   6.10.1.14). 

6.10.1.4  Rail   Seat   Positive   Moment   Test 

With  tie  supported  and  loaded  as  shown  in  Figure  I,  a  load  increasing  at  a 
rate  not  greater  than  5  kips  per  minute  shall  be  applied  until  the  load  (P)  required 
to  produce  the  specified  rail  seat  design  positive  moment  from  Art.  6.5.2,  Design 
Flexural  Requirements  for  Two-Block  Ties,  Table  III,  is  obtained.  This  load  shall 
be  held  for  not  less  than  3  minutes,  during  which  time  an  inspection  shall  be  made 
to  determine  if  structural  cracking  occurs.  An  illuminated  5-power  magnifying  glass 
may  be  used  to  locate  cracks.  If  structural  cracking  does  not  occur  or  ( in  the  case 
of  reinforced  or  partially  prestressed  ties)  crack  widdis  do  not  exceed  the  widths 
specified  in  Art.  6.5.1.3  (c),  the  requirements  of  this  test  will  have  been  met. 

6.10.1.5  Rail  Seat  Negative  Moment  Test 

With  tie  supported  and  loaded  as  shown  in  Figure  I,  a  load  increasing  at  a 
rate  not  greater  than  5  kips  per  minute  shall  be  applied  until  the  load  (P)  re- 
quired to  produce  the  specified  rail  seat  design  negative  moment  from  Table  III 
is  obtained.  This  load  shall  be  held  for  not  less  than  3  minutes,  during  which 
time  an  inspection  shall  be  made  to  determine  if  structural  cracking  occurs.  If 
structural  cracking  does  not  occur,  or  ( in  the  case  of  reinforced  or  partially  pre- 
stressed ties)  crack  widths  do  not  exceed  the  widths  specified  in  Art.  6.5.1.3  (c). 
the  requirements  of  this  test  will  have  been  met. 

6.10.1.6  Center  Negative   Bending  Moment  Test 

With  the  tie  supported  and  loaded  as  shown  in  Figure  VIII,  a  load  increasing 
at  a  rate  not  greater  than  5  kips  per  minute  shall  be  applied  until  a  load  of  7  kips 
causing  a  moment  of  35,000  inch-pounds  has  been  reached.  If  structural  cracking 
does  not  occur  on  die  gage  faces  of  the  blocks  and  the  deflection  at  the  center  of 
the  tie  does  not  exceed  0.5  inch,  the  requirements  of  this  test  will  have  been  met. 

6.10.1.7  Center   Positive   Bending   Moment  Test 

With  the  tie  supported  and  loaded  as  shown  in  Figure  IX,  a  load  increasing 
at  a  rate  not  greater  than  5  kips  per  minute  shall  be  applied  until  a  load  of  7  kips 
causing  a  moment  of  35,000  inch-pounds  has  been  reached.  If  structural  cracking 
does  not  occur  on  the  gage  faces  of  the  blocks  and  the  deflection  at  the  center  of 
the  tics  docs  not  exceed  0.5  inch,  the  requirements  of  this  test  will  have  been  met 

6.10.1.8  Rail  Seat  Repeated-Load  Test 

With  the  tie  supported  and  loaded  as  shown  in  Figure  I,  one  rail  seat  of  du- 
ties shall  be  subjected  to  3  million  cycles  of  repeated  loading  with  each  cycle 
Varying  uniformly  from  4  kips  to  the  value  (LIP)  required  to  produce  the  specified 
rail  seat  positive  bending  moment  from  'fable  III. 

The  repeated  loading  shall  not  exceed  600  cycles  per  minute.  II.  aftci  tin-  appli- 
cation of  3  million  cycles,   the  tie  can  support   the  load   (LIP),  the   requirements 

of  this   test   will   have   been   met 
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6.10.1.9  Rail   Seat   Ultimate   Load   Test 

With  the  tie  supported  and  the  other  rail  seat  loaded  as  shown  in  Figure  I, 
a  load  increasing  at  a  rate  not  greater  than  5  kips  per  minute  shall  be  applied  until 
a  total  load  of  1.75P  is  obtained.  The  tie  shall  support  this  load  for  a  period  of  not 
less  than  5  minutes.  The  load  shall  then  be  increased  until  ultimate  failure  of  the  tie 
occurs,  and  the  maximum  load  obtained  shall  be  recorded  to  serve  as  a  reference 
for   the   quality-control   tests   specified   in   Art.   6.10.2. 

6.10.1.10  Fastener  Insert  Tests 

( a )  Threaded-Type  Inserts 

The  test  procedure  specified  in  Art.  6.9.1.9  (a)  shall  be  used  to  determine  the 
acceptability  of  threaded-type  inserts. 

(b)  Other  Fastener  Inserts 

Other  fastener  inserts  shall  be  subject  to  the  pull-out  tests  and  torque  tests 
(if  applicable)  in  accordance  with  the  manufacturer's  recommendations  and  as 
approved  by  the  engineer. 

6.10.1.11  Fastening  Uplift  Test 

An  18-  to  20-inch  piece  of  rail  of  the  proper  section  shall  be  secured  to  one 
rail  seat  using  a  complete  rail  fastening  assembly,  including  pads,  bolts,  clips  and 
associated  hardware,  as  recommended  by  the  manufacturer  of  the  rail  fastening 
system.  In  accordance  with  the  loading  diagram  in  Figure  V,  an  18-kip  load  shall 
be  applied  and  held  for  not  less  than  3  minutes.  The  inserts  shall  not  pull  out  or 
loosen  in  the  concrete  and  no  component  of  the  rail  fastening  system  shall  suffer 
any  permanent  deformation. 

6.10.1.12  Fastening  Repeated-Load  Test 

The  Fastening  Repeated-Load  Test  shall  be  performed  following  the  test 
procedure   specified   in  Art.   6.9.1.11. 

6.10.1.13  Fastening  Longitudinal  Restraint  Test 

Following  the  performance  of  the  Fastening  Repeated-Load  Test,  Art.  6.10.1.12, 
and  without  disturbing  the  rail  fastening  assembly  in  any  manner  other  than 
retorqueing  anchor  bolts,  the  Fastening  Longitudinal  Restraint  Test  shall  be  per- 
formed following  the  test  procedure  specified  in  Art.  6.9.1.12. 

6.10.1.14  Fastening   Lateral   Restraint   Test 

The  tie  and  fastening  shall  be  tested  for  lateral  restraint  following  the  test 
procedure  specified  in  Art.  6.9.1.13. 

6.10.1.15  Electrical  Impedance  Test 

The  tie  and  fastening  shall  be  tested  for  electrical  conductivity  following  the 
test  procedure  specified  in  Art.  6.9.1.14. 

6.10.2  PRODUCTION   QUALITY  CONTROL   OF   TWO-BLOCK  TIES 

After  a  tie  and  rail  fastening  system  have  passed  the  tests  in  Art.  6.10.1  and 
have  been  approved  by  the  engineer,  further  production  of  these  items  may  proceed 
without  further  design  testing.  During  production  of  such  an  approved  design, 
quality-control   tests   must   be   performed  to   assure   a  uniform  high-quality  product. 
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6.10.2.1  Daily   Production   Quality-Control   Tests 

The  following  production  quality-control  tests  shall  he  performed  prior  to 
delivery  and  within  30  days  of  manufacture  on  one  tie  selected  at  random  from 
every  200  ties  or  fraction  thereof  produced  each  day. 

(a)  The  distance  from  center  of  the  tie  to  the  center  of  the  rail  seats  shall 
be  verified  and  by  use  of  a  template,  the  rail  seat  configuration  ( in- 
cluding shoulders  and  inserts  if  they  are  used)  shall  be  verified  for 
compliance  with   the  requirements  of  Art.  6.3.2. 

(b)  The  Rail   Seat  Positive  Moment  Test,  Art.  6.10.1.4,  shall  be  performed. 

(c)  The   Fastener   Insert   Test,   Art.   6.9.1.9,   shall   be  performed. 

(d)  The  Electrical   Impedance  Tests,  Art.  6.9.1.14,  shall  be  performed. 

6.10.2.2  Additional  Quality-Control  Tests 

To  assure  the  production  of  cross  ties  and  rail  fastenings  which  comply  with 
these  specifications,  the  manufacturer  shall  institute  whatever  additional  quality- 
control  test,  including  concrete  compressive  strength  tests  (see  Art.  6.2.2.1),  he 
may  deem  necessary. 

6.10.2.3  Failure  to  Pass  Production  Quality-Control  Test 

Should  any  test  tie  fail  the  tests  required  by  Art.  6.10.2.1  above,  two  additional 
ties  from  that  same  200  tie  lot  shall  be  tested.  In  the  event  either  of  these  ties 
fails,  100  percent  of  the  remainder  of  the  200  tie  lot  shall  be  cither  tested  or 
rejected. 

6.10.2.4  Disposition  of  Test  Ties 

Ties  that  pass  the  testing  requirements  and  are  not  cracked  or  otherwise 
damaged  after  testing  will  be  considered  acceptable  for  use  in  track. 

6.10.2.5  Ultimate  Load  Quality-Control  Test 

One  tie  selected  at  random  from  every  2,000  ties  produced  shall  be  subjected 
to  the  Rail  Seat  Ultimate  Load  Test  described  in  Art.  6.10.1.9.  If  the  tie  fails, 
three  additional  ties  shall  be  selected  at  random  and  tested.  If  any  of  the  three 
additional   ties   fail,   the   entire   lot   may  be   rejected  at   the  option   of  the  engineer. 

6.10.2.6  Location  for  Inspection  and  Quality-Control  Testing 

Quality-control  testing  and  inspection  of  production  ties  may  be  performed  at 
any  test  facility,  including  such  facilities  at  the  manufacturer's  plant,  provided  they 
meet  the  approval  of  the  engineer.  The  engineer  shall  be  notified  in  advance  of 
dates  scheduled  for  quality-control  tests.  Testing  may  be  observed  by  the  engineer 
or  his  designated  representative  if  he  so  elects.  Two  copies  of  all  such  tests  shall 
be  submitted  to  the  engineer  within  7  days  of  the  performance  of  the  tests. 

6.11  SHIPPING  AND  HANDLING 

6.11.1   SHIPPING 

Concrete  tics  should  be  shipped  in  open-top  ears.  Ties  must  be  securel)  braced 
for  transportation  to  prevent   am    movement  that  will  cause  damage.    IKs  shall  he 

shipped  in  a  horizontal  position  and  braced  with  wooden  spacer  blocks  in  such  a 
manner  that  the  top  surface  or  cast-in-plaee  hardware  docs  not  contact  ties  loaded 
above.    Ties    shall    not    be    loaded    higher    than    the    top    ot    the     cos    ore    than 
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six  layers  deep.  Ties  shall  not  be  loaded  for  shipment  until  7  days  after  casting. 
The  purchaser  shall  specify  the  size  of  shipments  in  accordance  with  unloading 
facilities. 

6.11.1.1   Protection  of  Threaded  Inserts 

If  cast-in-place  threaded  inserts  are  included  in  ties,  they  shall  be  protected 
against  entry  of  water  and  foreign  matter  by  means  of  a  plastic  cap,  plug  or  other 
suitable  device  approved  by  the  engineer.  Caps  or  plugs  shall  be  placed  in  position 
at  the  time  of  manufacture,  left  in  place  during  shipping  and  not  removed  until 
fasteners  are  affixed  to  the  ties. 

6.11.2  HANDLING 

Unnecessary  handling,  redistribution  and  reloading  of  concrete  ties  should  be 
avoided.  To  the  extent  practical,  ties  should  be  distributed  in  proper  position  for 
use  without  further  handling.  They  shall  be  unloaded  from  cars  in  a  manner  that 
will  not  damage  the  ties.  In  no  case  shall  ties  be  dropped  from  a  truck  or  car  to 
the  roadbed. 

6.11.3  PLACEMENT  AND  INITIAL  ROADBED  SUPPORT 

Care  must  be  taken  to  insure  that  all  concrete  cross  ties  are  uniformly  supported 
on  the  roadbed  and  that  no  center-binding  conditions  develop  prior  to  ballasting 
and  tamping.  If  the  subgrade  condition  indicates  that  there  is  inadequate  or  non- 
uniform support  for  the  ties  before  placement  of  ballast,  a  minimum  layer  of  3 
inches  of  ballast  should  be  placed,  graded  and  compacted  before  placement  of 
ties.  In  new  construction,  ties  shall  be  installed  at  right  angles  to  the  center  line 
of  track  at  the  designed  spacing  prior  to  rail  installation. 

6.11.4  PLACEMENT  OF  RAIL  AND  FASTENINGS  IN  NEW  CONSTRUCTION 

6.11.4.1  Tie  Pads 

It  is  recommended  that  tie  pads  be  shipped  independently  of  the  ties.  Rail 
seats  should  be  clean  and  ties  properly  positioned  prior  to  placement  of  pads.  Pads 
should  be  accurately  positioned  and  centered  on  the  rail  seat.  Use  of  adhesive  may 
be  desirable  to  hold  pads  in  place  until  rail  is  unloaded  and  fastened. 

6.11.4.2  Rail 

Rail  must  not  be  dropped  into  place.  Where  continuous  welded  rail  is  to  be 
used,  the  use  of  rollers  is  recommended  to  facilitate  its  unloading  and  reduce  the 
risk   of   dislocating   ties    and   tie   pads. 

6.11.4.3  Joints 

If  jointed  rail  is  to  be  used  (see  Art.  6.1.5.2)  special  fastenings  may  be  re- 
quired within  joint  bar  limits.  Care  must  be  exercised  to  see  that  such  fastenings 
are  clearly  distinguishable  and  ordered  in  the  proper  amount.  Care  should  also  be 
taken  to  see  that  the  actual  juncture  of  two  rails  does  not  occur  directly  over  a  tie. 

6.11.4.4  Fastenings 

It  is  recommended  that  fastenings  be  shipped  independently  of  ties.  Where 
more  than  one  type  of  fastening,  such  as  gage  and  field  fasteners  or  special  joint 
fasteners,  are  to  be  used  they  shall  be  clearly  marked  to  avoid  confusion  and 
avoid  difficulties  during  their  distribution  and  application.  Fastenings  shall  be  ap- 
plied in  the  manner  appropriate  to  their  design  and  approved  by  their  manufacturer. 
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PART  1 
MANUAL  RECOMMENDATIONS 


All  the  recommendations  submitted  by  committees  for  adoption  and 
publication  in  the  1972  Supplement  to  the  AREA  Manual  for  Railway  Engi- 
neering are  printed  in  this  issue  of  the  Bulletin.  These  recommendations 
will  be  formally  submitted  for  review  and  approval  to  the  Special  Board 
Committee  on  Publications  and  the  AREA  Board  of  Direction.  Comments 
or  objections  by  Members  regarding  any  of  these  recommendations  should 
be  submitted  to  the  Executive  Manager  not  later  than  FEBRUARY   15,   1972. 


Ill 
itui.  •;::.'. 


Manual   Recommendations 
Committee   1 — Roadway  and  Ballast 

Report  on   Assignment   3 

Natural  Waterways 

N.  E.  Whitney,  Jr.  (chairman,  subcommittee),  A.  G.  Altschaeffl,  M.  Van  Kujken, 
S.  S.  Vinton. 

Your  committee  submits  for  adoption  the  following  recommendations  with 
respect  to  Part  3 — Natural  Waterways,  Chapter  1  of  the  Manual: 

Delete  Natural  Waterways — General,  page  1-3-1;  Drainage  Areas  and  Water 
Runoff,  pages  1-3-1  and  1-3-2;  and  Size  of  Waterway  Openings,  pages  1-3-1  to 
1-3-7,  inch,  substituting  therefor  the  following  revised  versions  thereof: 

3.1  NATURAL  WATERWAYS— GENERAL 

3.1.1  SCOPE 

This  subject  has  to  do  with  the  determination  of  the  location,  size  and  shape  of 
openings  in  the  roadway  for  the  purpose  of  passing  drainage  from  the  surface  of  the 
ground.  It  also  includes  the  control  of  flood  flows  and  water-borne  materials  in 
streams,  the  protection  of  the  roadway  where  in  contact  with  surface  water,  and 
the  protection  of  structures  carrying  tracks  over  waterway  openings. 

3.1.2  IMPORTANCE 

Properly  designed  openings,  control  of  flood  flows  and  protection  of  roadwaj  and 
structures  are  of  vast  importance  from  the  standpoints  of  safety,  economy  and  con- 
tinuance of  operation  during  flood  periods.  With  the  ever-present  menace  of  floods  and 
their  disastrous  consequences,  every  related  problem  is  deserving  of  accurate  and 
exhaustive  survey  and  careful  planning. 

3.2  DRAINAGE  AREAS  AND  WATER  RUNOFF 

3.2.1  FIELD  SURVEYS 

Survey  requirements  may  depend  in  some  degree  upon  whether  the  waterwaj  is 
to  be  crossed  by  a  new  line,  or  whether  die  replacement  of  an  existing  waterway 

structure   is   involved. 

For  the  crossing  of  a  new  line  the  survej  requirements  are  extensive  and  gen<  ral 
in  nature,  involving  the  determination  of  die  drainage  area  and  its  shape;  die  stream 
and  slope  profile;  soil,  vegetation  and  climatic  characteristics;  as  well  as  topograph- 
ical details  in  the  vicinitj  of  the  most  probable  point  of  dossing. 

For  tin'  replacement  of  an  existing  waterwaj   structure  the  survej   requirements 
may  be  the  same  as  those  for  a  new  line,  hut  in  man)  cases  the  required  waterwaj 
area  is  apt  to  he  determined  from  past  performances  el  tin    stream  at  the  structure 
to  he  replaced.  Past  observation  tnaj  have  indicated  that  a  change  in  size,  sha] 
location  ot  the  waterwaj  structure  maj  he  desirable.  Maintenance   "I  railroad  i 
tion  during  construction  and  die  lit  with  local  topographj  and  the  existing  structure 

I  I  I 
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may  control  in  a  large  degree  the  design  of  the  new  structure.  All  such  facts  should 
be  considered  in  determining  the  survey  requirements. 

In  both  cases  consideration  should  be  given  to  probable  future  changes  in  con- 
ditions above  and  below  the  point  of  crossing  which  would  in  any  way  affect  the 
performance  of  the  stream — for  example,  channel  improvements  and  the  construction 
or  removal  of  dams  or  revetments. 

For  small  culverts  or  replacements  some  of  the  data  listed  here  may  be  unneces- 
sary and  some  will  have  been  predetermined,  but  all  of  the  following  items  should 
be  considered  in  order  that  the  survey  notes  may  include  all  the  information,  not  a 
matter  of  office  record,  necessary  for  the  design  of  the  most  suitable  structure: 

1.  Area  of  watershed. 

2.  Shape  and  contour  of  watershed. 

3.  Location,  length  and  slope  of  defined  channels. 

4.  Slope  of  stream  bed  and  side  slopes. 

5.  Character  of  soil  and  subsoil. 

6.  Vegetation — timber,  grass,  cultivated  or  barren,  and  probable  changes. 

7.  Climatic  conditions — accumulation  of  snow  and  ice. 

8.  Precipitation — local   records,   if  any,   of  rate,   duration,   frequency   and   dis- 
tribution. 

9.  Natural  and  artificial  storage — lakes,  swamps,  reservoirs. 

10.  Channel  course — fixed  or  changeable. 

11.  Channel  material — rock,  boulders,  gravel,  sand,  clay,  silt. 

12.  Channel  erosion — amount  and  nature  of  material  transported. 

13.  Possibility  of  ice  gorges,  or  drift  accumulations. 

14.  Elevation  of  backwater  from  larger  stream  below  crossing. 

15.  Determination  of  past  flood  crests  and  frequency.  On  an  existing  line  cross- 
ing a  wide  valley  with  two  or  more  openings  secure  high  water  profile 
across  valley  on  both  sides  of  railroad  embankment. 

16.  Character  of  current — rate  of  flow — steady  or  variable. 

17.  Waterway  area,  relative  flood  flows  and  adequacy  of  existing  nearby  railroad 
and  highway  bridges  or  culverts. 

18.  Topography  over  liberal  area  in  vicinity  of  crossing.  Typical  flood  chan- 
nel sections. 

19.  Location  of  right-of-way  limits. 

20.  Property  lines  and  owners  names  along  stream  if  channel  change  is  con- 
templated. 

21.  Track  profile,  alinement  and  topography  for  sufficient  distance  to  cover  any 
probable  change,  or  as  necessary  to  portray  conditions. 

22.  Borings — locate  and  give  character  of  material  found. 

23.  Determine  most  favorable  angle  of  stream  crossing. 

24.  Location — mile  post  and  drainage  station. 

25.  Location  of  borrow  pit  if  bridge  filling  is  involved. 

26.  Location  and  elevation  of  improvements  which  might  be  subject  to  flooding 
by  backwater  upstream  from  track. 

3.3  CAPACITY  OF  WATERWAY  OPENINGS 
3.3.1  GENERAL 

Formerly  in  the  design  of  drainage  structures,  it  was  considered  sufficient  to 
provide  a  waterway  opening  of  a  certain  area,  based  on  an  area  formula  (e.g.,  Tal- 
bot's formula)  or,  in  case  the  flow  (Q)  were  known,  to  assume  a  velocity  of  flow 
(V),  usually  taken  as  10  ft  per  sec,  and  thus  arrive  at  the  required  area  (A)  of 
opening.  Modern  practice  is  to  first  calculate  the  discharge,  or  flow,  dien  to  design 
the  structure  to  accommodate  the  flow  (4)*  using  the  principles  of  hydraulics.  See 
Culverts,  Part  4,  this  Chapter. 


Numbers  in  parenthesis   refer  to   the  bibliography. 
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Before  deciding  on  the  hydraulic  capacity  to  be  provided  in  a  structure,  it  is 
advisable  to  make  a  thorough  search  to  determine  whal   precipitation  and  stream 

How  records  are  available  in  the  general  region  of  the  project  site.  Where  data  and 
time  are  available,  several  methods  of  determining  the  required  capacity  should 
be  used,  and  their  results  compared  before  a  decision  is  made.  Extensive  study  and 
research  are  in  continuous  progress  by  various  public  agencies  in  the  field  of  flood 
runoff  and  waterway  requirements,  and  it  is  expected  that  much  additional  useful 
data  will  be  developed. 

These  agencies  are  much  better  suited,  both  in  full-time  personnel  in  this 
specialized  field  and  in  access  to  pertinent  data  as  quickly  as  it  becomes  available. 
than  are  most  railroads.  Therefore,  it  would  seem,  the  needs  of  railroad  personnel 
dealing  with  drainage  matters  are  best  served  by  having  at  hand  a  list  of  agencies 
through  which  they  can  obtain  the  latest  information  on  the  subject.  In  order  to 
take  full  advantage  of  this  and  to  insure  uniformity  of  design  criteria  on  the  indi- 
vidual railroad,  it  is  advisable  that  all  drainage  recommendations  and  supporting 
data   should   clear   through   a   designated   "drainage   engineer"   before   final   decision. 

Federal  and  state  agencies  in  the  United  States  engaged  in  research,  accumula- 
tion of  data,  and  statistical  analysis  of  flood  runoff  phenomena,  are  listed  below. 
Available  published  information,  and  in  some  instances  unpublished  data,  can  be 
obtained  by  writing  to  any  one  of  diese  agencies.  The  best  sources  are  the  Geological 
Survey,  and  the  Bureau  of  Public  Roads. 

Federal  State 

United  States  Geological  Survey                     Highway  Departments 

Water  Supply  Papers  Water  Resources  Commissions 

Flood  Magnitude-Frequency  Highway  Research  Boards 

Reports  Public  Works  Departments 

Bureau  of  Public  Roads  Universities 
Highway  Research  Board 

Soil  Conservation  Service  County  or  Parish 

Bureau  of  Reclamation  Highway   Departments 

Weather  Service  Public  Works  Departments 
Corps  of  Engineers 

In  Canada  stream  flow  data  can  be  secured  from  the-  Water  Survey  of  Canada 
at  Ottawa. 

3.3.2  METHODS 

3.3.2.1  General 

Since  the  engineer  using  this  Manual  is  unlikelj  to  be  a  trained  hydrologist,  the 
recommended  methods  will  be  those  most  easilj  applied  thai  give  the  besl  results 
with  a  minimum  of  available  information.  The  basic  data  required  are  coven 
Section  3.2— Drainage  Anas  and  Water  Runoff.  In  addition,  an  indispensable  aid 
which  can  in  many  eases  replace  some  ol  these  data  is,  as  complete  as  possible, 
a  collection  ol  topographical  maps  as  published  by  the  U.  S.  Geological  Survey 
in  conjunction  with  T\  V  Mississippi  River  Commission,  U.S.  Corps  ol  1  ngineers 
etc.   With   these  data  in  hand,   the  engineer  can   proceed   to   specific   methods,   as 

follows: 

3.3.2.2  Statistical 

The  most  practical  method  "I  determining  the  dischargi    ol  a  Hood  ol  a  given 
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design  frequency  is  the  statistical  method  promulgated  by  the  U.S.  Geological  Sur- 
vey. This  method  is  presented  on  an  individual  state  basis,  or,  in  cases  of  some 
small  states,  a  regional  basis.  The  specific  mathematical  manipulation  varies  from 
one  state  or  region  to  another,  but  all  are  based  on  recorded  flood  crests  and  dis- 
charges with  appropriate  modifying  factors  to  fit  local  conditions.  This  procedure 
is  contained  in  the  various  publications  titled  "Floods  in  (State),  Magnitude  and 
Frequency."  These  can  be  obtained  from  various  state  agency  offices,  or,  in  some 
cases,  directly  from  the  U.S.  Geological  Survey,  Washington,  D.C.  20242.  The  mini- 
mum size  drainage  basin  for  which  an  estimate  can  be  made  varies  because  of  local 
differences  in  rainfall,  terrain,  etc.  This  minimum  is  generally  between  one  and  100 
square  miles.  In  addition,  these  reports  contain  tables  of  maximum  known  floods, 
and  in  some  cases  annual  peaks,  for  gaged  streams.  These  can  be  of  great  value  in 
sizing  openings  on  the  larger  streams. 

The  specific  data  needed  for  this  method  are  the  drainage  area  and  the  lengdi 
of  the  basin.  These  can  be  obtained  from  topographical  maps.  The  basin  is  then 
classified  by  location  as  to  terrain  and  climate,  and  a  flood  frequency  is  selected. 
With  this  information  at  hand  the  design  discharge  of  the  selected  frequency  at 
the  bridge  or  culvert  site  is  interpolated  from  graphs.  It  is  then  usually  necessary 
to  apply  modifications  based  on  the  shape  of  the  drainage  basin  or  other  factors 
simply  explained  in  the  text. 

The  design  flood  frequency  to  be  used  is  a  matter  of  engineering  judgment 
and  economics.  A  number  of  trials  should  be  made  using  a  wide  range  of  frequen- 
cies. In  this  way  the  possibilities  of  damage  because  of  too  small  an  opening  can 
be  assessed.  The  cost  of  providing  for  the  maximum  possible  flood  of  100  year  fre- 
quency or  greater  can  also  be  determined  and  a  prudent  decision  arrived  at.  In  gen- 
eral practice  railroad  drainage  openings  should  be  designed  for  floods  in  the  range 
of  25  to  50  years.  This  by  no  means  implies  that  a  100-year-flood  design  would 
be  out  of  place  in  certain  instances.  Because  of  the  susceptibility  of  railroads  to 
legal  action  for  damages,  it  would  probably  be  unwise  to  design  for  less  than  a 
25-year  flood,  except  in  special  instances  where  the  results  of  lesser  design  are 
realized  and  can  be  tolerated. 

After  the  design  flow  in  cubic  feet  per  second  has  been  detemined,  the  basic 
hydraulic  formula  Q  —  AV  can  be  used  to  determine  the  average  velocity  in  feet  per 
second  through  a  given  area  of  opening  in  square  feet.  For  structures  on  unstable 
soils,  3  ft  per  sec  may  be  the  maximum  allowable  velocity  without  damaging  scour, 
but  generally  3  to  6  ft  per  sec  will  cause  little,  if  any,  scour  in  fairly  good  soils. 
Culverts  and  other  paved  waterways  are  frequently  designed  for  flows  as  high  as 
10  ft  per  sec.  If  time  permits  and  greater  refinement  is  desired,  there  are  a  multitude 
of  hydraulic  texts  and  manuals  available  for  the  design  of  waterway  openings.  One 
of  these  is  "Hydraulics  of  Bridge  Waterways"  published  by  the  Bureau  of  Public 
Roads  (20). 

3.3.2.3  The  Rational  Fonnula  Q  =  CiA 

Q  =  rate  of  runoff  in  cubic  feet  per  second. 

C  ■=.  a  coefficient  representing  the  ratio  of  the  rate  of  runoff  to  the  rate  of 

rainfall. 
i  =  rainfall  intensity  in  inches  per  hour. 
A  =  drainage  area  in  acres. 
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This  formula  is  widely  used  for  storm  drainage  design  in  urban  areas,  and  is 
equally  applicable  to  small  rural  watersheds.  It  is  recommended  for  use  on  basins 
too  small  for  the  statistical  method.  Because  of  the  variations  in  topography  and 
ground  cover  within  the  larger  areas,  and  because  intense  rainfall  is  usually  confined 
to  a  small  area,  die  Rational  Formula  should  not  be  used  for  drainage  areas  larger 
than   10   square  miles. 

The  coefficient  C  is  the  variable  of  the  rational  method  least  susceptible  to  pre- 
cise determination,  and  calls  for  the  greatest  exercise  of  judgment  on  the  part  of  the 
engineer.  Authorities  (15),  (18)  recommend  diat  values  in  the  range  listed  below 
be  used. 

Pavements  80  to  .90 

Built-up  business  areas   70  to  .90 

Apartments    50  to  .70 

Single  family  dwellings 30  to  .50 

Suburban  or  town  residences    25  to  .40 

Industrial     50  to  .90 

Parks,    Cemeteries    10  to  .25 

Railroad  yards    20  to  .40 

Gravel  roads   40  to  .60 

Bare   earth    40  to  .90 

Meadows   10  to  .70 

Forests     10  to  .30 

Cultivated  fields   20  to  .40 

For  other  than  paved  areas  the  value  of  C  to  be  used  will  vary,  between  the 
limits  given,  with  ground  slopes,  vegetative  cover,  porosity  of  the  soil,  antecedent 
rainfall,  and  the  presence  or  absence  of  well-defined  water  courses.  Also,  once  the 
infiltration  capacity,  per  unit  of  time,  of  the  soil  has  been  reached,  nearly  all  addi- 
tional precipitation  will  go  into  runoff.  Therefore,  where  high  rates  of  precipitation 
are  involved,  higher  values  of  C  should  be  used.  Consideration  should  also  be  given 
to  changes  in  land  use.  Urbanization  will  result  in  higher  C  values  which  should  be 
anticipated  if  economically  feasible. 

The  rainfall  intensity,  i,  as  used  in  the  rational  formula  is  die  average  rainfall 
intensity,  in  inches  per  hour,  during  the  time  of  concentration.  Since  rainfall  inten- 
sity-duration curves  are  hyperbolic,  the  longer  the  time  of  concentration  the  less 
intense  the  rainfall.  The  time  of  concentration  for  a  given  drainage  area  is.  1>\ 
definition,  the  time  required  for  runoff  to  flow  from  the  most  remote  part  of  the 
drainage  area  to  the  outlet  structure. 

"Design  of  Roadside  Drainage  Channels"  (18)  contains  a  nomograph  (Fig,  5) 
for  determining  time  of  concentration,  based  on  the  length  of   the  drainage  area 

and   the   height   of   the    most    remote  point   above   tin-   outlet.    It    should    he   noted   that 

the  time  of  concentration  determined  by  this  nomograph  must  he  modified  by  given 
Factors  it  conditions  an  differenl  from  those  assumed  for  the  nomograph.  Extreme 
precision  is  not  usually  warranted  in  determining  time  of  concentration. 

Since  1935  the  U.  S.  Weather  Service  has  published  in  the  "United  States 
Meterological  Yearbooks,"  rainfall  intensitj    data   for  excessive  storms  at  first-order 

Stations.    It    has    also    established    a    network    of    aut atic    recording    lain 

which  daily  and  hourly  rainfall  values  air  published  in  monthlj    "HydrologU    HidL  - 
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tins.     These  have   limited  distribution,  but  are  available  for  inspection  at  Weadier 
Service  offices. 

Weather  Service  Technical  Paper  No.  25  (16)  contains  six  intensity-duration 
curves  for  each  of  199  cities  in  the  United  States,  giving  rainfall  intensities  for  fre- 
quencies of  2  to  100  years.  This  publication  is  out  of  print,  but  copies  should  be 
available  in  most  university  libraries,  and  in  die  public  libraries  of  the  major  cities. 
Yamell's  publication  (6),  which  is  also  out  of  print,  gives  similar  data  which  may 
vary  in  individual  eases  by  up  to  15%  from  that  given  by  Paper  No.  25.  Paper  No. 
25  is  based  on  the  longer  period  of  record. 

Because  of  the  nature  of  die  topography  west  of  the  105th  meridian,  there  are 
sharp  local  variations  in  rainfall.  Weather  Service  Technical  Paper  No.  28  contains 
rainfall  data  for  this  area.  Diagrams  with  diis  publication  make  it  possible  to  deter- 
mine rainfall  intensities  for  durations  of  20  minutes  to  24  hours,  and  average  fre- 
quencies of  2  to  100  years,  at  any  point  in  the  area  covered. 

In  the  Rational  Formula  the  rainfall  intensity  and  the  time  of  concentration 
are  inter-related,  and  the  process  of  trial  and  error  is  usually  the  most  practical 
solution.  A  trial  time  of  concentration,  and  the  corresponding  rainfall  intensity, 
should  be  assumed.  From  these  data,  flow  times  and  their  sum,  the  time  of  concen- 
tration, are  computed.  If  there  is  too  much  difference  between  the  assumed  and 
computed  times  of  concentration  another  trial  time  of  concentration,  between  die 
other  values,  should  be  assumed  and  the  computation  repeated.  Usually  two,  or  at 
most  three,  trial  runs  are  sufficient  for  any  one  drainage  area.  The  size  of  the  opening 
required  is  then  determined  by  hydraulic  principles. 

3.3.2.4  Other  Methods 

3.3.2.4.1  The  Talbot  Formula  A  =  CNF4 

The  results  of  a  survey  published  in  1962  (9)  revealed  that  of  43  state  high- 
way departments  responding  to  a  questionnaire,  25,  or  58%,  still  used  the  Talbot 
Formula  directly  or  with  modification.  Much  has  been  published  about  the  short- 
comings of  this  venerable  formula,  and  it  is  all  undoubtedly  true.  However,  the  ease 
and  universality  of  its  application  make  it  a  useful  adjunct  to  the  drainage  engineer's 
art,  especially  as  a  check  of  other  mediods.  Widi  experience,  and  by  such  devices 
as  observing  the  performance  of  other  culverts  or  bridges  in  the  area  designed  by 
this  formula,  reasonable  answers  can  be  obtained  for  the  smaller  drainage  basins. 
The  formula  is  widely  published  in  chart  and  slide-rule  form  and  will  not  be 
illustrated  here. 

3.3.2.4.2  "State"  Methods 

In  some  states  quite  comprehensive  drainage  manuals  have  been  developed 
and  published  by  highway  departments,  or  at  universities.  California  (8),  Illinois 
(9),  and  Indiana  (21),  are  examples.  These  manuals  contain  methods  developed  to 
serve  specific  areas,  and  in  general  are  intended  for  use  on  small  drainage  basins 
for  which  die  USGS  statistical  mediod  is  not  as  yet  suited. 

3.3.2.4.3  Other  Formulas  and  Methods 

University  of  Illinois  Bulletin  462  (9)  contains  a  most  comprehensive  summary 
and  commentary  on  practically  every  formula  that  has  been  used  in  die  United 
States.  The  engineer  is  directed  to  this  publication. 
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Report   on  Assignment   5 

Pipelines 

E.  E.  Farris  (chairman,  subcommittee),  C.  R.  Bergman,  W.  T.  Hammond,  G.  B. 
Harris,  H.  L.  Van  Horn,  M.  E.  Vosseller,  A.  J.  Wegmann. 

Your  committee  submits  for  publication  the  following  editorial  corrections  to 
Part  5 — Pipelines,  Chapter  1  of  the  Manual: 

Page  1-5-2:  In  the  third  line  under  Art.  5-1-3,  Carrier  Pipe,  change  the  ANSI 
designation  from  "B  31.08"  to  "B  31.8." 

Page  1-5-5:  Change  the  first  sentence  of  Art.  5.1.5.1  (c)  to  read  as  follows: 
"Tunnelling  operations  shall  be  conducted  as  approved  by  the  engineer." 

Page  1-5-8:  Change  the  first  sentence  under  Art.  5.2.3,  Carrier  Pipe,  to  read 
as  follows:  "Carrier  line  pipe  and  joints  shall  be  of  accepted  material  and  construc- 
tion as  approved  by  the  engineer." 

Page  1-5-10:  Renumber  Art.  5.2.5.4,  Shut-Off  Valves,  to  Art.  5.2.5.3,  Shut-Off 
Valves. 
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Committee   13 — Environmental   Engineering 

Report  on  Assignment   1 

Water  Pollution  Control 

J.  L.  Goss  (chairman,  subcommittee),  G.  H.  Nick  (vice  chairman,  subcommittee), 
J.  L.  Engler,  P.  M.  Miller,  C.  A.  Obma,  J.  A.  Pruett,  J.  C.  Roberts,  N.  E. 
Smith. 

The  following  revised  version  of  the  material  on  "Design  of  Facilities"  pub- 
lished as  information  a  year  ago,  is  now  submitted  for  adoption  and  publication  in 
Chapter  13  of  the  Manual,  replacing  present  Art.  1.2.5,  Design  of  Facilities,  on 
page  13-1-8. 

1.2.5  DESIGN  OF  FACILITIES 

(a)  A  "system  approach"  should  be  used  in  selecting  the  proper  equipment  for 
the  most  economical  and  satisfactory  solution  for  handling  liquid  waste  treatment 
and  disposal  problems.  The  basic  parameters  in  design  of  a  treatment  system  depend 
on  the  liquid  waste  composition,  permissible  discharge  levels  and  the  amenability 
of  the  pollutants  to  treatment. 

(b)  Liquid  wastes  from  railway  operations  most  generally  fall  into  three  cate- 
gories as  follows: 

1.  Waste  oils — free  floating,  containing  little  or  no  emulsions  with  a  minimum 
of  settleable  solids;  controlled  by  a  gravity-type  separator. 

2.  Waste  oils — free  floating,  with  emulsions  and  settleable  solids;  controlled 
by  methods  and  equipment  designed  to  regulate  pH,  break  emulsions, 
remove  settleable  solids. 

3.  Waste  water  with  pollutants  other  than  oils,  greases  or  sanitary  wastes, 
having  a  B.O.D.:  such  as  from  box  car  cleaning  and  washing;  controlled 
by  removal  of  settleable  solids,  pH  control,  biological  treatment,  flotation 
of   suspended   solids    and   subsequent   removal. 

1.2.5.1  Waste  Oils — Free  Floating,  Containing  Little  or  No  Emulsions  with  a 
Minimum  of   Settleable   Solids;   Controlled   by   a   Gravity-Type   Separator 

(a)   Free  oils  and  grease  in  waste  water  with  little  or  no  emulsions  and  a  mini 

mum  of  settleable  solids  such  as  that  discharged  From  a  diesel  fuel  handling  ana 

should  he   trapped  and   removed   il   possible  prior  to  mixing  with   other  wastes  which 

may  produce  emulsions  thai  are  extremely  difficult  to  break.  Sources  of  waste  which 
may  produce  emulsions  are  from  cleaning  \ats,  ray  laundries,  Biter  cleaning,  paint 
stripping,  locomotive  washing  tracks  and  other  anas  when-  cleaning  compounds  are 
used.  Waster-borne  oily  wastes  without  emulsions  are  seldom  found;  tin  refore  design 
details  and  means  provided  lor  separation  of  oil  to  produce  >  clean  effluent  suitable 
for  release  into  a  surface  stream  will  vary  widely  depending  on  waste-water  char- 
acteristics, topography,  pollution  control  agency  requirements,  ami  economics. 
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(b)  Separators  for  removal  of  free  oil  are  divided  into  two  basic  groups:  those 
employing  a  surface  skimming  device  and  those  using  a  rotating  oil  pickup  mechan- 
ism with  plastic  or  nylon  belts  for  oil  removal.  Both  types  are  available  commer- 
cially. Belt-type  skimmers  are  usually  furnished  with  a  free-floating  submerged  tail 
pulley  installed  in  guide  slots.  The  tail  pulley  provdes  a  belt  alignment  and  tension. 
Belt  skimmers  are  especially  effective  if  the  oil  is  of  heavy  specific  gravity  or  if, 
of  necessity,  the  water  level  fluctuates  widely.  One  type  of  surface  skimmer  in  gen- 
eral use  is  the  power  driven  flight  skimmer  as  illustrated  in  Fig.  1-D.  This  skimmer 
consists  of  wood  or  neoprene-backed  metal  flights  attached  about  5  ft  apart  to  two 
endless  strands  of  chain.  The  flights  are  operated  by  a  gear  drive  at  about  5  fpm, 
skim  the  surface  of  the  separator  vessel  and  gently  propel  the  floating  material  and 
free-floating  oil  over  a  low  ramp  into  a  trough  from  which  it  flows  to  a  storage 
receptacle.  The  water  level  in  the  separator  is  controlled  by  an  outlet  weir  trough 
which  is  equipped  with  adjustable  overflow  plates.  These  skimmers  are  furnished 
commercially  either  shop-assembled  in  a  package  separator  or  separate  for  installa- 
tion in  a  concrete  basin.  Light-gravity  oils,  heavy  oils,  grease  scum  and  floating  trash 
are  removed  with  low  water  carryover  in  the  skimmed  oil. 

(c)  Where  topography  permits,  the  separators  should  be  installed  below  the 
waste-water  outfall  to  avoid  pumping  which  tends  to  agitate  the  oil-water  mixture, 
producing  emulsions  making  separation  more  difficult. 

(d)  In  selecting  a  separator  it  should  be  kept  in  mind  that,  for  best  perform- 
ance, oil  must  be  removed  from  the  separator  as  quickly  as  possible.  If  the  per- 
centage of  oil  in  the  waste  water  is  great  enough  to  maintain  a  heavy  layer  of  oil 
behind  the  retaining  weir  or  baffle,  a  surface  skimmer  usually  performs  well.  If  the 
quantity  of  oil  is  such  that  only  a  thin  film  exists,  a  belt,  drum,  or  other  rotating 
oil  pickup  device  is  efficient. 

(e)  Where  the  volume  of  oil-bearing  runoff  varies  widely  with  the  intensity 
of  rainfall,  consideration  should  be  given  to  the  use  of  a  retaining  sump  in  conjunc- 
tion with  a  separating  unit.  An  installation  such  as  that  illustrated  in  Fig.  1-A  will 
permit  use  of  a  much  smaller  separator  than  would  be  required  should  it  be  neces- 
sary to  pass  the  entire  peak  runoff  through  the  unit.  The  sump  is  usually  designed 
for  a  retention  time  of  about  15  minutes  for  normal  rainfall.  If  the  drainage  area 
consists  of  unpaved  surfaces  or  platforms  where  engines  are  sanded,  a  sand  trap 
should  be  constructed  in  front  of  the  sump  inlet.  The  oil-retaining  baffle  should 
extend  from  about  6  inches  above  the  normal  water  surface  to  approximately  half- 
way to  the  sump  bottom.  A  submersible  pump  is  located  at  an  elevation  such  that 
it  will  continuously  skim  the  surface  during  normal  flow.  One  or  more  additional 
pumps  may  be  installed  at  progressively  higher  elevations  in  order  that  oil  will  be 
picked  up  until  such  time  as  the  volume  of  water  is  sufficient  to  dilute  the  oil  to  an 
acceptable  percentage.  A  rainfall  of  sufficient  intensity  and  duration  to  completely 
innundate  the  sump  will  produce  only  temporary  ineffectiveness  of  the  system.  The 
distance  from  normal  water  surface  or  outfall  invert  to  die  top  of  the  oil-retaining 
baffle  determines  the  maximum  flow  capacity  of  the  sump  and  the  point  at  which 
dilution  should  compensate  for  oil  removal.  Since  the  establishment  of  this  distance 
is  a  guess  to  some  extent,  approval  of  the  pollution  control  agency  having  jurisdic- 
tion should  be  obtained  prior  to  making  such  an  installation. 

(f)  Effectiveness  of  a  sump  or  separator  can  sometimes  be  improved  by  the 
addition  of  an  emulsion  breaker  injected  at  a  rate  based  on  laboratory  and  field  tests. 
Addition  of  suitable  chemicals  will  accelerate  the  demulsification. 
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(g)  Satisfactory  performance  of  any  water  treatment  facility,  including  simple 
oil-water  separation,  is  dependent  upon  thorough  laboratory  and  field  investigation 
and  proper  interpretation  of  test  results.  Bench  tests  made  on  the  site  should  be 
used  to  check  all  laboratory  reports  since  samples  can,  and  do,  change  considerably 
from  the  time  they  are  taken  until  the  laboratory  analysis  is  performed.  A  series 
of  jar  tests  is  recommended  for  sizing  the  separator  or  sump  vessel.  A  series  of 
numbered  bottles,  each  containing  identical  and  typical  samples,  is  sufficient  for  this 
work.  A  slight  adjustment  of  the  pH,  either  upward  or  downward,  may  prove  bene- 
ficial in  accelerating  the  flotation  of  oil.  The  addition  of  specific  quantities  of  an 
emulsion  breaker  to  each  of  the  several  samples  will  assist  in  determining  if  the 
chemical  addition  will  economically  improve  effluent  quality. 

(h)  Since  most  emulsion  breakers  perform  best  within  a  specific  pH  range, 
tests  should  include  two  or  more  samples  for  each  chemical  to  be  tested,  adjusted 
by  the  addition  of  an  acid  or  an  alkali.  The  chemicals,  preferably  from  more  than 
one  manufacturer,  are  added  to  the  sample  and  gently  stirred.  The  preliminary  test 
should  be  wide  enough  in  scope — say  from  5  to  75  ppm  chemical  added — to  deter- 
mine if  there  is  any  difference  in  the  test  samples  after  5,  10  and  15  minutes  settling 
time.  If  one  sample  shows  a  distinct  improvement  in  appearance  over  all  others, 
the  testing  can  then  be  narrowed  in  range  to  find  the  optimum  dosage  and  pH. 
The  pH  of  waste  waters  can  to  some  extent  be  controlled  by  selecting  a  specific 
type  of  cleaning  compound  in  the  areas  where  used. 

(i)  If  chemical  additives  are  desirable  or  necessary,  it  is  advisable  to  install 
a  metering  device  at  the  vessel  inlet  for  proportional  flow  application  or  pH  adjust- 
ment. A  chart  indicating  the  setting  of  the  metering  pump  corresponding  to  a  given 
flow  is  beneficial  in  maintaining  optimum  balance.  Not  only  is  performance  adversely 
affected  by  the  addition  of  too  much  additive,  as  well  as  too  little,  but  diere  is  also 
a  cost  factor  involved. 

(j)  Specific  design  details  of  belt  and  drum  skimmers  are  omitted  since  they 
are  readily  available  from  a  number  of  manufacturers  which  are  capable  of  modify- 
ing or  adapting  their  units  to  conditions,  as  determined  by  investigation. 

(k)  Optimum  rotational  speed  of  the  belt  or  drum  skimming  equipment  varies 
between  M  fps  and  1J&  fps,  depending  upon  temperature,  viscosity,  and  amount  of 
oil  available  for  pickup.  Therefore,  speed  should  be  adjustable  within  this  range. 
Pickup  of  water  with  the  oil  increases  directly  with  an  increase  in  rotational  speed, 
making  it  desirable  to  operate  the  mechanism  no  faster  dian  is  required  to  remove 
the  oil  as  it  collects.  Inasmuch  as  there  will  be  some  pickup  of  water,  a  water  drain 
is  necessary  in  the  recovered  oil  storage  tank.  Water  drained  from  the  tank  should 
be  returned  to  the  separator,  by  pumping  if  necessary. 

(  1 )  The  oil  separator  vessel  consists  of  three  basic  sections,  each  of  which 
performs  specific  functions.  The  inlet  section,  which  may  include  or  be  preceded 
by  a  grit  and/or  trash  collector,  serves  to  reduce  flow  velocity  and  turbulence. 
Where  required,  a  bar  screen  cleaned  either  manually  or  automatically,  may  be 
installed  at  the  separator  inlet.  A  grit  collector,  which  may  be  equipped  with  a 
screw  or  drag  conveyor  or  manually  cleaned,  will  prevent  rapid  silting  of  die 
separator  vessel  and  will  increase  the  time  between  shutdowns  for  sand  and  silt 
removal.  When  the  addition  of  a  chemical  emulsion  breaker  is  desirable,  it  should 
be  added  at  a  pump  inlet,  if  pumps  are  used,  otherwise,  at  the  separator  inlet.  The 
separator  inlet  should  be  sized  to  permit  a  velocity  of  approximately  15  fpm.  Velocity 
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may  be  somewhat  less,  if  necessary,  to  provide  the  retention  optimum  time  as  deter- 
mined by  field  tests. 

(m)  The  separator  section  is  designed  for  a  quiescent  flow  to  permit  the  oil, 
which  enters  this  section,  to  rise  to  the  water  surface  and  be  removed  by  the  skim- 
mer. The  oil-retaining  baffle  should  extend  far  enough  below  the  surface  to  prevent 
oil  being  carried  underneath;  however,  it  should  not  extend  so  near  the  vessel  bot- 
tom that  silt  and  settled  solids  will  be  picked  up  by  the  flow  velocity.  The  baffle 
should  extend  approximately  24  inches  below  the  oil  surface,  or  about  half-way 
to  the  tank  bottom.  The  skimmer  is  located  4  to  8  inches  from  the  baffle,  depending 
upon  the  type  used. 

(n)  If  design  of  the  inlet  and  separator  sections  are  properly  balanced  with 
respect  to  volumes  and  velocities,  the  discharge  should  be  relatively  free  of  oil. 
There  is,  on  occasion,  some  emulsification  of  oil  that  cannot  be  avoided;  therefore, 
it  is  advisable  to  design  the  outlet  to  provide  an  additional  oil  retaining  section  that 
can  be  skimmed  periodically,  if  required.  This  can  be  accomplished  by  extending 
the  outfall  pipeline  to  a  point  of  about  one-third  of  the  tank  depth,  or  by  an  elbow 
at  the  outlet.  The  elbow  should  extend  18  to  24  inches  below  the  water  surface. 

(o)  Control  of  pH  is  usually  unnecessary  where  only  free  oil  is  received.  How- 
ever, the  retention  section  provides  a  place  for  the  addition  of  a  mild  caustic  solu- 
tion or  an  acid  to  change  the  pH  for  emulsion  breaking. 

(p)  Oil  recovered  by  the  separator  may  be  either  drained  by  gravity,  or 
pumped  from  the  oil  recovery  sump  to  the  storage  tank.  Recovered  oil  may  be  dis- 
posed of  by  burning  it  as  a  fuel,  using  it  in  a  weed  and  brush  spray  program,  or 
selling  it.  Incineration  may  in  some  cases  prove  to  be  a  satisfactoiy  means  of  dis- 
posal; however,  without  proper  design,  it  is  usually  unsatisfactory  and  could  result 
in  violation  of  air  pollution  regulations. 

(q)  Fig.  1-B  shows  a  typical  separator  vessel  for  use  with  a  belt  or  drum-type 
oil  pickup  device  while  Fig.  1-C  shows  a  vessel  for  use  with  a  surface  skimmer. 

1.2.5.2  Waste  Oils — Free  Floating  with  Emulsions  and  Settleable  Solids;  Con- 
trolled by  Methods  and  Equipment  Designed  to  Regulate  pH,  Break  Emulsions, 
Remove  Settleable  Solids 

(a)   Definitions 

Free  Oil — That  fraction  of  oils  in  a  waste  stream  that  will  separate  as  a  well 
defined  float  upon  a  quiescent  settling  period  of  up  to  60  minutes.  In  addition  to 
oils,  this  will  include  grease  and  any  flotable  trash. 

Emulsion — An  oil-in-water  suspension  of  finely  divided  oil  particles  maintained 
in  suspension  by  the  effect  of  an  ionic  atmosphere.  The  finely  divided  oil  particles 
carry  a  negative  charge  in  the  ionic  protective  layer  that  isolates  the  particles  and 
prevents  them  from  joining  with  other  particles  of  like  material  to  form  agglom 
sufficiently  large  to  separate  from  the  water  media.  The  process  of  separating  tin 
oil  from  the  water  iii  an  emulsion  is  known  as  "crackinu."  Cracking  is  done  1a  ■ 
addition  of  chemical  or  by  heating  (thermal  cracking). 

Pine  Oil  Suspensions — In  between  the  free-oil  phase  and  die  emulsion  phase 
is  a  broad  phase,  without  well  defined  boundaries,  in  which  all  particles  will  not 
separate  ina\ imeti ieally.  yet  are  imt  maintained  in  suspension  l>\  tin'  Isolating  I 
of  the  like,  negative  particle  charges.  In  tin's  phase,  the  oil  pari  •>  fine  thai 

they  cannot  overcome  die  smiac  e  tension  of  the  water  and  float,  or  tl. 
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to  some  solid  particle,  such  as  fine  sand  that  counters  their  buoyancy  to  where  its 
gravity  approximates  that  of  water  and  will  not  float  or  settle.  In  some  cases,  oil  in 
this  phase  will  float  eventually  on  long  periods  (6  to  10  hours)  of  quiescence.  This 
phase  is  sometimes  referred  to  as  "pseudo-emulsion,"  and  is  often  mistaken  for  a 
true  emulsion. 

(b)  Preliminary  Considerations: 

Before  a  waste  treatment  system  can  be  selected  or  a  proposed  system  properly 
evaluated,  a  survey  should  be  made  and  information  secured,  as  follows: 

1.  Housekeeping  and  work  habits  should  be  surveyed  to  locate  and  correct, 
as  far  as  possible,  gross  oil  spillage.  It  is  generally  more  economical  to 
collect  and  handle  concentrated  waste  oil  such  as  crankcase  drainings, 
machining  coolants,  etc.,  in  portable  containers  than  to  discharge  these 
oils  to  the  sewer  for  separation  and  collection  at  the  treatment  unit. 

2.  Spillage  of  diesel  oil  at  fueling  points  has  long  been  a  troublesome  prob- 
lem, and  no  complete  solution  has  been  devised.  Automatic  shut-off 
nozzles  have  helped  considerably  to  reduce  spillage,  but  have  not  com- 
pletely solved  this  problem.  Curbing  the  immediate  area  at  the  fueling 
track  to  provide  a  collecting  pan  for  the  spilled  oil,  with  a  drain  to  a 
storage  tank  has  been  suggested.  This  may  not  be  feasible  everywhere, 
but  it  is  worth  looking  into.  It  would  appreciably  reduce  the  amount  of 
oil  to  be  removed  at  the  treatment  plant.  This  could  be  important  where 
belt-type  or  roller-type  skimmers  are  used,  as  these  skimmers  have  a  very 
poor  pick-up  of  light-gravity  oil  such  as  diesel  oil. 

3.  The  survey  should  study  the  storm-water  drainage  of  the  area  with  a  view 
to  excluding  as  much  run-off  as  possible  from  the  oily  waste  sewers. 
This  will  require  some  new  sewer  construction,  and  the  amount  of  sewer 
construction  required  could  very  well  influence  the  selection  of  the  plant 
site. 

4.  The  survey  should  include  flow  measurements  of  individual  waste  streams, 
or  the  combined  streams  if  individual  streams  measurement  is  not  feasible. 
Weir  measurements  at  half-hour  intervals  over  a  representative  24-hour 
period  will  give  adequate  measurement.  Weir  tables  for  90°  notch  or 
rectangular  weirs  will  be  found  in  most  engineering  handbooks  or  in 
"Cameron  Hydraulic  Data." 

5.  At  the  same  time  waste  samples  should  be  collected  at  half-hour  intervals 
in  proportion  to  the  flow  for  analysis  at  a  laboratory.  The  pH  should  be 
measured  when  sample  increments  are  collected.  Analysis  should  be  made 
for  total  oil  (hexane  soluble),  free  oil,  suspended  solids,  settleable  solids, 
and  5  day  B.O.D. 

Information  gathered  l>\  such  a  survey  is  essential  in  order  to  meaningfull) 
determine  treatment  requirements  and  evaluate  proposals.  It  will  also  be  \ » -i >  helpful 
in  dealing  with  the  pollution  control  authorities. 

(c)  Selection  of  treated  waste  outlet.  Three  outlets  for  treated  wastes  ait 
ordinarily  available: 

1.  Streams,  rivers  or  lakes. 

2.  Evaporation  lagoon.  This  maj  be  very  good  in  and  regions  where  evapora- 
tion rate  exceeds  rainfall  !>>  3  it  or  more  per  yeai 

3.  City  sewerage  system. 
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The  city  sewerage  system  is  a  preferred  choice  because,  in  many  instances, 
a  simple  pre-treatment  will  be  adequate.  However,  elaborate  and  sophisticated  treat- 
ment  may  be  required  if  the  effluent  is  discharged  into  a  surface  waterway. 

Evaporation  lagoons,  where  land  is  available  and  the  climate  is  arid,  are  also 
a  good  choice.  Primary  treatment  for  removal  of  free  oil  will  greatly  extend  lagoon  life. 

Lagoons  in  porous  soil,  where  all  or  part  of  the  flow  seeps  into  the  soil,  are  not 
recommended  because  they  may  cause  ground-water  pollution.  Oily  tastes  and  odors 
can  appear  in  water  wells  in  the  near  and  even  distant  vicinity  of  an  oily  waste 
lagoon  long  before  bacteriological  tests  show  contamination. 

(d)   Treatment  Systems  Generally  Used: 

A  number  of  systems  of  oily-waste  treatment  are  in  use  in  industry,  each  one 
of  which  has  special  advantages  and  disadvantages.  Accordingly,  the  selection  would 
be  based  on  whichever  system  bests  meets  the  particular  project  at  hand.  This  in 
turn  can  be  determined  by  field  tests  with  laboratory  confirmation. 

Most  railroad  oily  wastes  are  comprised  of  free-floating  oil  and  finely  suspended 
oil,  with  little  true  oil  in  water  emulsion.  At  engine  terminals  with  diesel  repair 
shops,  about  half  the  oil  content  is  free  oil  and  half  finely  divided  and  emulsified  oil. 
Accordingly,  a  primary  treatment  unit  for  removal  of  free  oil  and  settleable  solids 
as  described  in  Sec.  1.2.5.1  would  precede  all  of  the  following  systems: 

1.  Required  Effluent  Oil  Content  50  to  100  PPM  Oil: 

a.  Chemical  and/or  polymer  coagulation  with  gravity  separation.  This 
system  requires  a  flocculation  period  of  10  to  20  minutes  followed  by 
a  settling  period  of  about  90  minutes.  Gentle,  diffused  air  flocculation 
is  very  helpful.  Settling  tank  should  be  equipped  with  surface  skimming 
as  well  as  a  sludge  collector  mechanism.  Combination  flocculator  clari- 
fiers  are  commercially  available  in  a  single,  nested  vessel.  Flocculating 
chemicals  such  as  alum,  ferric  chloride,  ferric  sulfate  or  polymer  are 
in  common  usage.  A  holding  tank  preceding  this  unit  may  not  be  needed 
unless  the  stormwater  peak  flow  is  greater  than  twice  the  design  rate 
of  flow.  If  a  holding  tank  is  required,  it  would  be  sized  to  store  an 
amount  that  would  supply  the  flocculator-clarifier  at  twice  the  design 
rate  for  a  12-hour  period.  Skimmed  oil  and  settled  sludge  would  be 
drawn  to  a  batch  cracking  tank  for  chemical  and/or  thermal  cracking, 
the  separated  oil  drawn  off  to  a  storage  tank  for  scavenger  disposal 
and  the  bottom  sludge  drawn  to  drying  beds.  The  cracking  tank  will 
require  a  suitable  acid  resisting  coating.  This  cracking  step  may  be 
eliminated  if  scavenger  costs  are  low. 

b.  Polymer  coagulation  tvith  pH  adjustment  and  dissolved  air  flotation 
separation.  In  this  system,  air  is  added  to  the  waste  stream,  which  is 
pressurized  to  35  to  50  psi,  causing  air  to  dissolve  in  die  stream,  and 
a  polymer  is  added.  After  a  short  detention  period  in  a  dwell  tank,  the 
pressurized  stream  is  released  in  the  flotation  cell  where  the  polymer 
flocculated  fine  oil  particles  are  buoyed  to  the  surface  by  die  fine  air 
bubbles  coming  out  of  solution.  A  skimmer  mechanism  continuously 
collects  the  floe.  Flotation  cells  normally  operate  at  a  constant  flow  rate. 
Accordingly,  a  holding  tank  is  required  to  even  out  flow  peaks,  includ- 
ing storm-water  peaks.  Polymer  response  is  closely  pH  related.  Accord- 
ingly, the  pH  of  the  waste  stream  must  be  adjusted  by  feeding  an  acid 
or  an  alkali.  The  chemical  feed  pump  is  paced  by  a  pH  meter  that 
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automatically  maintains  a  set  pH.  The  sensing  bulb  of  the  pll  meter 
should  be  conveniently  located  as  it  must  be  cleaned  frequently  for 
accurate  measurement.  Some  flotation  cells  use  full  stream  pressurizing, 
and  some  use  recycle  pressurizing.  Strong  claims  are  made  for  each. 
However,  in  this  application,  both  work,  and  the  choice  can  usually 
be  made  on  cost.  Skimmed  oil  float  is  drawn  to  a  batch  cracking  tank 
for  concentration  as  in  Subparagraph  la  above.  Flotation  cells  are  used 
widely  in  industry  for  oil  separation.  They  are  compact,  and  are  com- 
mercially available  as  a  package  with  their  auxiliaries.  However,  they 
are  more  sophisticated  than  the  simpler  flocculator-clarificr  described  in 
Paragraph  a.  above,  and  require  more  skillful  operation  and  attention, 
c.  Coalescing  filters.  This  is  a  packed  bed,  pressure  filter  using  fiberous  or 
granular  or  screen  media,  that  induces  the  finely  dispersed  oil  particles 
to  coalesce  into  larger,  readily  floatable  particles.  They  have  been  used 
mainly  on  shipboard  for  removing  heavy  oils  from  ballast  water  and 
bilge  water.  Effluents  are  in  the  range  of  20  ppm  to  200  ppm  of  oil 
content.  There  are  several  proprietary  units  on  the  market.  There  is 
little  information  available  on  their  application  to  ordinary  industrial 
oily  waste  treatment.  How  they  would  work  on  lighter  gravity  oils  such 
as  diesel  fuel  is  not  generally  known.  However,  they  have  distinct  pos- 
sibilities, and  their  compactness  and  ease  of  operation  have  much  to 
commend  them. 

2.  Required  Effluent  Oil  Content  5  to  50  ppm  Oil: 

Treatment  plants  in  this  category  will  require  very  reliable  equip- 
ment, controls  and  instrumentation.  At  this  effluent  quality  level,  die  dis- 
charge will  be  to  a  surface  stream  or  lake.  Pollution  control  authorities  are 
inclined  to  closely  monitor  such  discharges,  and  since  even  a  very  thin. 
mono-molecular  oil  slick  is  readily  visible,  operations  of  plants  in  du's 
category  will  require  well  trained  competent  supervision.  Plants  in  this 
category  will  be  identical  to  those  in  Paragraph  (d)  la.  above  with  the 
addition  of  emulsion  breaking  facilities.  With  some  liquid  wastes  and 
with  closely  monitored  pH  and  chemical  flocculation  control  an  effluent 
oil  content  in  the  5  ppm— 15  ppm  range  can  be  obtained  with  chemical 
coagulation  in  a  dissolved  air  flotation  cell.  This  selection  can  be  explored 
by  laboratory  and/or  pilot  plant  investigation.  As  in  lb.  upstream  holding 
basins  are  required  to  even  out  peak  flows. 

a.   Hatch  process  emulsion  cracking. 

Industrial  practice,  particularly  the  automobile  industry,  use  hatch 
process  emulsion  cracking.  Emulsion  cracking  is  accomplished  by 
lowering  the  pH  to  less  than  7.0,  and  to  a  level  at  which  the  repelling 
negative  particle  charges  are  neutralized.  This  can  be  tccomplished  bj 
adding  sulphuric  acid,  alum,  or  an  iron  salt.  The  best  cracking  agent 

is    determined    by    field    test.    Multiple    tanks    are    used,    usuallj    three.     \ 

cracking  agent  is  added  as  a  tank  is  filling.  When  filled,  a  plan!  labora- 
tory   test    is    made    tO    check    whether    the    emulsion    is    eiaeked.    and    it 

required,  additional  cracking  agent  is  added.  Tl .<  Hod  takes 

from   IS  minutes  to  an  hour.  The  oil  in  the  cracked  emulsion  tepai 
as  a  fine  suspension  thai   is  removed  in  the  chemical  precipitation  or 
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dissolved  air  flotation  unit.  Multiple  tanks  permit  a  uniform  feed  to  the 
following  units.  The  batch  process  makes  it  possible  to  accurately  moni- 
tor and  correct,  if  necessary,  the  process,  to  be  svire  emulsions  are 
cracked  before  the  stream  is  released.  The  cracking  tanks  would  be 
equipped  with  mixers  having  a  turn-over  capacity  of  about  15  minutes. 
These  can  be  variable  speed  mechanical  mixers  or  air  mixers.  The  tanks 
should  have  a  mild  acid-resistant  coating  such  as  a  coal-tar  paint  or 
coal  tar  and  epoxy  paint.  A  fraction  of  the  finely  divided  oil  will  float 
on  these  tanks,  and  accordingly,  they  should  be  provided  with  oil 
skimming  facilities.  This  oil  float  will  be  sufficiently  concentrated  so 
that  it  can  be  discharged  to  the  storage  tank  at  the  primary  separator. 
Chemical  feeding  equipment  selected  should  be  of  good  quality  that 
can  accurately  measure  the  feed.  There  are  a  number  of  good  feeders 
commercially  available.  The  exact  type  will  depend  on  the  nature  and 
amount  of  chemicals  to  be  fed. 

b.  Final  polishing.  In  some  cases,  where  receiving  stream  conditions  are 
critical,  one  more  step  after  chemical  precipitation  and/or  air  flotation 
may  be  required.  This  would  be  filtration  in  a  packed  bed  filter,  either 
sand  or  diatomaceous  earth.  This  would  be  a  simpler  filter  than  the 
coalescing  filter  described  in  paragraph  (d)  lc.  above.  Its  function 
would  be  to  strain  out  flocculated  particles  escaping  the  chemical 
precipitation  unit  radier  than  coalescing  finely  divided  particles  into 
larger  floatable  particles.  Sand  filters  would  be  sized  for  6  gpm  per 
sq  ft.  Diatomaceous  earth  filters  would  use  a  much  higher  rate.  There 
are  a  number  of  good  units  of  both  types  commercially  available.  Polish- 
ing filters  would  only  be  used  where  demanded  by  the  pollution  control 
authorities.  They  also  might  be  added  at  a  later  date  to  overcome  a 
deficiency  in  a  flotation  cell. 

c.  Miscellaneous  considerations.  It  is  not  always  feasible  for  the  railroad 
to  do  all  of  the  engineering  required  on  this  type  of  project  with  its 
own  engineering  department.  Alternatives  are: 

1.  Retain  a  consultant  to  make  the  surveys,  design  the  facilities,  secure 
approval  of  the  appropriate  reviewing  authorities,  and  to  provide 
plans,  specifications  and  contract  documents  for  general  contractor 
bids.  In  selecting  such  a  consultant,  it  would  be  well  to  use  one 
who  has  had  industrial  waste  treatment  background.  Many  otherwise 
excellent  municipal  engineering  consultants  are  not  entirely  equipped 
for  industrial  work. 

2.  Invite  a  "unit  responsibility"  proposal  from  companies  specializing 
in  industrial  waste  treatment.  The  proposal  would  include  field  sur- 
vey, design  and  construction  of  required  facilities,  and  instruction 
of  operating  personnel  and  assumption  of  responsibility  for  required 
operating  results.  Invitations  to  bid  are  normally  extended  to  only 
those  companies  with  a  good  history  in  the  field.  More  attractive 
proposals  are  secured  if  miscellaneous  sewer  work  and  minor  con- 
struction beyond  the  boundary  limits  of  die  treatment  system  are 
covered  in  a  separate  project.  Also,  it  may  be  advantageous  in  some 
cases  if  site  preparation  and  some  buildings  and/or  foundation  work 
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were  separated  from  the  treatment  system  project.  A  preliminary 
survey  by  the  railroad,  in  general,  to  "scope"  the  project  will  be  very 
helpful  in  evaluating  proposals. 
3.  Retain  a  consultant  to  make  the  surveys,  establish  the  design  par- 
ameters, and  invite  "unit  responsibility"  proposals  from  companies 
specializing  in  this  field,  for  design  and  construction  of  the  treat- 
ment system,  instruction  of  operating  personnel  and  assumption  of 
responsibility  for  the  required  operating  results. 


The  following  material  is  submitted  for  adoption  to  update  present  Section  1.4 
Directory  of  Water  Pollution  Control  Agencies,  pages  13-1-12  to  13-1-14,  incl., 
of  the  Manual: 


1.4  DIRECTORY  OF  WATER  POLLUTION  CONTROL  AGENCIES 

1.4.1  What  is  considered  by  governmental  authorities  to  be  a  pollutant?  Are 
there  any  specific  amounts,  guidelines  or  parameters  which  can  be  used  to  deter- 
mine what  quantities  or  concentrations  constitute  pollution?  One  must  know  the 
answers  to  these  questions  in  order  to  alleviate  a  pollution  complaint. 

1.4.2  Local  and  state  governmental  agencies  are  issuing  regulations  providing 
this  information.  State  governmental  help  is  available  from  the  following  control 
agencies: 


Water  Improvement  Commission 
State  Office  Building 
Montgomery,  Alabama  36104 

Alaska    Department  of  Health   and 

Welfare 
Alaska  Office   Building 
Juneau,  Alaska  99801 

Division  of  Environmental  Health 
State  Department  of  Health 
4019  N.  33rd  Street 
Phoenix,   Arizona  85017 

Arkansas  Pollution  Control  Commission 
1100  Harrington  Avenue 
Little  Rock.   Arkansas  72201 

Division  of   Water  Quality  Control 
state  Water  Resources  Control  Board 

1416  9th   Stnet 

Sacramento,  California  95814 

Department   of    Public    Health 
1210   East    I  Lth   Avenue 
Denver,  Colorado  80220 


Division  of  Water  Pollution  Control 
Water  Resources   Commission 
State  Office  Building 
Government  Center 
100  Cambridge  Street 
Boston,    Massachusetts    02202 

Engineering  &  Sanitation   Division 
State  Department  of  Health 
P.  O.  Box  640 
Boise,  Idaho  83702 

State  Water  Resources  Commission 

Room  223 

State  Office  Building 

650  Main  Street 

Hartford,  Connecticut  061 L5 

Delaware    \u    and    Water   Resoun 

Commission 
Loockerman  Streel  &  Legislarivt    Ivenue 
Dowr.  Delaware  L9901 

I  Hstrict  of  ( lolumbia  I  h  partment 

..I     Public    Health 
300   Indiana     \veiiue 

Washington,   D    <     20001 
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Air  &  Water  Pollution  Control 

Commission 
306  W.  Jefferson 
Tallahassee,  Florida  32201 

State  Water  Quality  Board 
47  Trinity  Avenue  S.W. 
Atlanta,   Georgia  30334 

Public  Health  &  Social   Services 
Territory  of  Guam 
P.   O.   Box   128 
Agana,  Guam  96910 

Environmental  Health  Division 
Hawaii  Department  of  Health 
P.  O.  Box  3378 
Honolulu,  Hawaii  96801 

Water  Resources  Commission 

Station  B 

200  Mill  Street 

Lansing,  Michigan  48913 

State  Sanitary  Water  Board 
State  Office  Building 
400  South  Spring  Street 
Springfield,  Illinois  62706 

Stream  Pollution  Control  Board 
1330  West  Michigan  Street 
Indianapolis,  Indiana  46206 

Water  Pollution  Division 
State  Department  of  Health 
State  Office  Building 
Des  Moines,  Iowa  50319 

Environmental  Health  Services 
State  Department  of  Healdi 
Topeka  Avenue  at  Tenth 
Topeka,  Kansas  66612 

Kentucky  Water  Pollution  Control 

Commission 
275  E.  Main  Street 
Frankfort,  Kentucky  40601 

Louisiana   Stream   Control   Commission 

P.  O.  Drawer  FC 

University  Station 

Baton  Rouge,  Louisiana  70803 


Water  &  Air  Environmental 
Improvement  Commission 
State  House 
Augusta,  Maine  04330 

Bureau  of  Environmental  Hygiene 
State  Department  of  Health 
2305  N.  Charles  Street 
Baltimore,  Maryland  21218 

Water  &  Liquid  Waste  Division 
Department  of  Health  &  Social  Service 
P.  O.  Box  2348 
Santa  Fe,  New  Mexico  85701 

Pure  Waters  Authority 
248  State   Street 
Albany,  New  York  12208 

State  Department  of  Water  &  Air 

Resources 
P.  O.  Box  9392 
Raleigh,  North  Carolina  27603 

Minnesota  Pollution  Control  Agency 
459  Board  of  Health  Building 
University  Campus 
Minneapolis,  Minnesota  55440 

Mississippi  Air  and  Water  Pollution 

Control  Commission 
P.  O.  Box  827 
Jackson,  Mississippi  39205 

Missouri  Water  Pollution  Board 

P.  O.  Box  154 

Jefferson  City,  Missouri  65101 

Montana  Water  Pollution  Council 
State  Board  of  Health 
Laboratory   Building 
Helena,  Montana  59601 

Nebraska  Water  Pollution  Control 

Council 
Box  94757 
State  House  Station 
Lincoln,  Nebraska  68509 

Bureau  of  Environmental  Health 
State  Department  of  Healdi  and  Welfare 
970  Sutro  Street 
Reno,  Nevada  89502 


Manual    Re  com  men  elation  s 


165 


Water  Supply  &  Pollution  Control 

Commission 
61  South  Spring  Street 
Concord,  New   Hampshire  03301 

Division  of  Air  &  Clean  Water 
State   Department   of  Health 
P.  O.  Box  1540 
Trenton,  New  Jersey  08625 

Division  of  Sanitary  Engineering 
State  Department  of  Health 
Fiene,   South   Dakota  57501 

Tennessee  Stream  Pollution  Control 

Board 
Cordell  Hull  Building 
Sixth  Avenue,  North 
Nashville,  Tennessee  37219 

Environmental  Health  &  Engineering 
Services 

State  Department  of  Health 
Bismarck,  North  Dakota  58501 

Water  Pollution  Control  Board 
State  Department  of  Health 
P.  O.  Box  118 
Columbus,  Ohio  43216 

Environmental  Health  Service 
State    Department   of  Health 
3400  N.  Eastern 
Oklahoma  City,  Oklahoma  73105 

Oregon   State  Audiority 
P.  O.  Box  231 
Portland,  Oregon  97207 

Division  ot  Sanitary  Engineering 
State  Department  of  Health 
P.  O.  Box  90 
Harrisburg,   Pennsylvania   17120 

Puerto  Rico  Department  of  Health 

Ponce  de  Leon  Avenue 

San    Juan.    PuretO    Hieo   00908 


Division  of  Water  Pollution  Control 
Rhode  Island  Department  of  Health 
335  State  Office  Building 
Providence,  Rhode  Island  02903 

South  Carolina   Water  Pollution 

Control  Authority 
J.  Marion  Sims  Building 
Columbia,  South  Carolina  29201 

Division  of  Environmental  Sanitation 
Dept.  of  Public  Health 
State  Office  Building 
Cheyenne,  Wyoming  82001 

Texas  Water  Quality  Board 
1101  Lavaca  Street 
Austin,  Texas  78701 

State  Water  Pollution  Control  Board 
44  South  Medical  Drive 
Salt  Lake  City,  Utah  84113 

Vermont  Department  of  Water  Resources 
State  Office  Building 
Montpelier,  Vermont  05602 

Virgin   Islands   Department  of   Health 

Charlotte  Amalie 

St.  Thomas,  Virgin  Islands  00802 

State  Water  Control   Board 
4010  West  Broad  Street 
P.  O.  Box  11143 
Hiclunond,  Virginia  23230 

Washington  Water  Pollution 
Control  Board  Commission 
P.  O.  Box  829 
Olympia,  Washington  98501 

Division  of  Water   Resources 
Department  of  Natural  Resources 
1201    Greenbrier   Street.    Kast 
Charleston,  West  Virgina  25311 

Air  \  Water  Resources  Management 
Division  of  Resources  Development 
1   West  Wilson  Street 
Madison,  Wisconsin  53702 
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Manual  Recommendations 
Committee   14 — Yards  and  Terminals 

Report  on  Assignment  B 

Revision  of  Manual 

R.  O.  Balsters  (chairman,  subcommittee),  all  members  of  Committee  14. 

Your  committee  submits  for  adoption  the  following  revisions  to  Chapter  14  of 
the  Manual. 

PART  1— TERMINALS 

A.  GENERAL 

Page  14-1-1:  After  (d)  add,  "(e)  Air  Rights — At  yards  and  terminals  cen- 
trally located  in  the  larger  cities,  space  over  the  facilities  can  often  be  made  avail- 
able, with  advantage  and  profit,  for  commercial  purposes  such  as  post  offices,  office 
buildings  with  store  frontage  on  the  streets,  hotels,  certain  manufacturing  enterprises, 
and  the  like.  These  will  help  materially  in  carrying  the  charges  on  capital  investments 
and  tax  assessments  for  the  real  estate  occupied." 

PART  2— PASSENGER  TERMINALS 

A.  GENERAL 

Page  14-2-2:  Delete  item  4  under  paragraph  (i)  and  renumber  items  5  and  6 
to  read  4  and  5,  respectively. 

D.  STATION  PROPER 

Page  14-2-12:  Remove  Art.  18 — Air  Rights,  the  material  having  been  added 
to  Part  1 — Terminals,  as  noted  previously.  Renumber  Arts.  19  to  18,  20  to  19,  etc. 

E.  COACH  YARDS 

Page  14-2-14:  Change  item  5  under  paragraph  (f)  Tracks,  to  read,  "Curvature 
of  tracks  should  not  be  less  than  457-ft  radius  (12  deg  34  min)  through  turnouts 
or  otherwise." 

PART  3— FREIGHT  TERMINALS 

B.  YARDS 

Page  14-3-2:  Revise  paragraph  7  under  Art.  1 — General,  to  read:  "In  com- 
puting car  capacity,  not  less  than  50  ft  per  car  should  be  allowed  for  all  freight  car 
tracks  other  than  repair  tracks  and  tracks  for  specialized  equipment." 
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Page  14-3-2:  In  paragraph  10  under  Art.  1 — General,  add  "ACI"  and  "talk- 
back"  between  "loud  speakers"  and  "paging  systems,"  making  paragraph  10  read  as 
follows:  "Communication  facilities,  such  as  teletype,  pneumatic  tube  systems,  loud 
speakers,  ACI,  talkback,  paging  systems,  television,  telephones  and  radios  should  all 
be  considered  to  expedite  operations." 

Page  14—3-3:  Revise  fourth  paragraph  from  top  of  page  to  read:  "Rody  tracks 
should  be  spaced  not  less  than  14-ft  center  to  center,  and  when  parallel  to  a  main 
track  or  important  running  track,  the  first  body  track  should  be  spaced  not  less  than 
20-ft  center  to  center  from  such  track,  subject  to  state  regulations  on  clearances." 

Page  14-3-3:  Change  "entrance"  to  "entrances"  in  paragraph  4,  under  Receiving,, 
in  Art.  3. 

Page  14-3-4:  In  line  1  of  paragraph  1  under  Repair,  add  "car"  in  front  of 
"repair  yard." 

In  third  sentence  of  second  paragraph  under  Repair,  insert  the  word  uncoupled 
between  the  words  "each"  and  "car"  making  this  sentence  read  as  follows:  "In  com- 
puting capacities,  55  ft  should  be  allowed  for  each  uncoupled  car." 

In  fifth  and  last  paragraph  under  Repair,  add  the  following  last  sentence:  "In 
computing  the  capacity  of  the  track  holding  the  cars,  a  minimum  of  50  ft  should  be 
allowed  for  each  car." 

D.  HUMP  YARDS 

Page  14-3-5:  In  paragraph  1  under  Art.  1.  General,  change  3rd  "and"  to 
"with". 

Page  14-3-10:  In  first  sentence  of  paragraph  (3),  change  "hump"  to  "master'' 
and  in  last  line  of  paragraph  3,  change  "hump"  to  "master." 

J.  RAIL— TRUCK  LOADING  AND  UNLOADING  FACILITIES 

Page  14-3-17:  Change  the  first  word  from  "Four"  to  "Three,"  making  first 
line  read:  "Three  types  of  facilities  are  used."  At  the  end  of  first  line  of  paragraph  1. 
End  loading,  delete  the  word,  "truck". 

Delete  paragraph  4. 

Change  the  first  descriptive  paragraph  now  following  paragraph  3,  Overhead 
loading,  to  read:  "Determining  factors  relative  to  die  location  of  the  facility  depend 
upon  the  potential  volume  of  traffic,  its  origin  and  destination  within  the  sen  ice 
area,  the  convenience  of  highway  access  and  the  necessity  for  economical  and 
expeditions  movement  of  railroad  cars.  As  many  as  8  (90-fO  ears  in  a  string  can 
he  efficiently  used  in  end  loading  operations.  A  trailer  parking  area  oi  at  least  one 
and  one-half  times  the  trailer  capacity  of  the  loading  tracks  should  be  planned. 
Man)  installations  have  .i  parking  ana  with  a  capacity  two  or  three  times  tl„-  brack 
cap  teities." 

Change  last  sentence  of  second  descriptive  paragraph  to  read:  The  curvature 
of  approach  tracks  should  he  limited  to  400-fl  radius  I  I  I  di  g  20  n 

Page  14-3-18:  In  fourth  line  from  top  of  page  entei  "and  power  outlets 
tin'  word  Lighting. 
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In  the  last  line  of  Sec.  J,  change  the  second  word  from  "four"  to  "three"  and 
change  "Figs.  4  to  7"  to  "Figs.  4  to  6." 

Page   14-3-19:    On  Fig.  4 — End  Loading,  change  minimum   radius   from  375 
(15°  19')  to  400 (14° 20').   (Revised  drawing  presented  herewith.) 

Page  14-3-22:  Delete  Fig.  7  and  all  reference  thereto. 


Report   on   Assignment   5 

Layout  and  Characteristics  of  Loading  and   Unloading 
Facilities  for  Automobiles  and  Trucks 

P.  C.  White  (chairman,  subcommittee),  J.  K.  Aust,  A.  E.  Biermann,  H.  L.  Bishop, 
R.  E.  Bredrerg,  H.  E.  Buchanan,  G.  P.  Burns,  B.  E.  Buterhaugh,  G.  H. 
Charot.  J.  F.  Chandler,  H  P.  Clapp,  D.  V.  Clayton,  T-  A.  Comeau,  E.  H. 
Cook,  B.  E.  Crumpler,  W.  W.  Gray,  G.  F.  Graham,  W.  J.  Hedley,  L.  J. 
Held,  F.  A.  Hess,  C.  F.  Intelkofer.  D.  B.  Kendall,  A.  S.  Krefting,  E.  T. 
Lucey,  G.  W.  Mahn,  Jr.,  J.  G.  Martin,  R.  E.  Metzger,  L.  J.  Riekenherg, 
R.  J.  Samoska,  W.  D.  Slater,  C.  E.  Stoecker,  J.  Sutton,  L.  G.  Tieman,  A.  J. 
Trzeciak,  P.  E  Van  Cleve,  B  H.  Voor,  H.  Watts,  Jr. 

Your  committee  submits  for  adoption  the  following  recommendation  with  respect 
to  Chapter  14  of  the  Manual: 

Delete  Sec.  K,  Part  3,  page  14-3-18,  including  Fig.  8  on  page  14-3-23  and 
Fig.  9  on  page  14-3-24,  substituting  therefor  the  following  new  Sec.  K. 

K.   FACILITIES   FOR  LOADING  AND  UNLOADING  MULTI-LEVEL 
AUTOMOBILE  AND  TRUCK-CARRYING  CARS 

1.  Automobile  Transport  Terminal 

a.   General: 

The  loading  and  unloading  of  finished  automobiles  requires  equipment  and 
plant  that  contribute  to  the  overall  expeditious  distribution  from  assembly  plants  to 
local  dealers.  Automobile  companies  place  a  premium  upon  total  time  in  transit  and 
do  consider  all  aspects  of  equipment  utilization,  interest  charges  and  delivered  auto 
condition. 

Loading'  is  usually  accomplished  at  an  assembly  plant,  on  automobile  companv 
property,  by  the  automobile  company  or  its  contractor.  The  actual  Facilities  utilized 
are  similar  in   nature  to   the  unloading  facilities;   however,   there    lie  exceptions  which 

must  be  given  consideration  on  an  individual  basis.  Exceptions  can  varj  bom  loading 
inside  the  plant  with  multi-level  cars  handled  by  a  transfer  table  to  ind  from  a 
support  yard  to  simply  driving  the  finished  vehicle  to  a  more  conventional  loading 

facility    located    at    some   convenient    point  other   than    the   plant    itself. 

Unloading,  on  the  other  hand,  is  usuallv  accomplished  bv  the  rail  carrier  or  its 
contractor,  on  railroad  company  property,  utilizing  facilities  provided  by  the  railroad 
company.  The  contractor  engaged  by  the  railroad  company  to  actually  perform  the 
unloading  task  will  re  than  I ik<  1%  !»■  the  same  organization  engaged  bv  an  indi- 
vidual  automobile  companj    to  prepare  and  deliver  units   via  highwa)    to  dealers. 

It    is,   therefore,  suggested   that   close  consultation   between   all  entities  involved   in  the 
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automobile  distribution  process  be  maintained  during  the  design  phase  in  order  to 
assure  an  efficient  and  usable  facility. 

Examination  of  facilities  now  in  existence  discloses  a  wide  variety  of  sizes, 
shapes,  equipment,  trackage,  etc.,  as  dictated  by  such  factors  as  availability  of  real 
estate,  proximity  to  highway  networks  and  volumes  of  vehicles  handled.  A  typical 
flow  diagram  of  an  unloading  area  is  shown  as  Fig.  7.  Certain  factors  are  germane 
to  most  all  auto  unloading  or  loading  facilities.  They  are  enumerated  below  from 
the  unloading  viewpoint;  however,  the  factors  apply  equally  as  well  to  loading  areas, 
given  appropriate  modification  for  volume. 

b.  Location: 

Location  of  the  unloading  area  should  be  selected  for  its  proximity  to  dealers 
in  the  area  to  be  distributed  to  in  order  to  reduce  highway  mileage  to  die  minimum. 
It  should  be  located  with  respect  to  the  railroads  main  trackage  so  as  to  minimize 
switching,  spotting  and  pulling  delays.  Consideration  should  also  be  given  to  the 
potential  of  vandalism  so  as  to  avoid  missile  damage  and  dieft. 

c.  Size: 

The  size  of  the  unloading  facility,  its  trackage,  ramping  and  vehicle  storage 
areas,  should  be  large  enough  to  handle  die  maximum  expected  load  under  the  pro- 
posed operating  conditions.  Some  of  the  conditions  to  be  considered  are:  the  average 
work  week,  type  and  quantity  of  vehicles  handled  and  the  number  of  agencies  using 
the  same  facilities.  The  auto  production  and  distribution  process  by  its  very  nature 
requires  a  considerable  degree  of  advance  planning  including  volume  predictions. 
All  of  the  auto  manufacturers  can  and  do  make  rather  good  volume  predictions 
which  can  be  utilized  for  planning  purposes. 

(/.  Buildings: 

Office  space,  washrooms  and  locker  facilities  should  be  adequate  to  provide  for 
foreseeable  needs  of  the  operation.  Communication  facilities  required  should  be 
provided  for.  Local  conditions  may  require  space  for  maintenance  of  highway  tractors 
and  predelivery  preparation  of  autos,  including  washing  and  undercoating. 

e.  Surfaces: 

It  is  recommended  that  vehicular  operating  and  storage  areas  be  paved  and 
at  flat  as  possible,  limiting  loading  and  unloading  angles  to  eliminate  bumper  dam- 
age. Gradients  sufficient  to  keep  all  accumulation  of  water  off  the  area  should  be 
provided. 

Parking  spaces  should  be  clearly  marked  in  an  arrangement  with  ample  center 
distances,  thereby  maximizing  turning  radii  and  minimizing  door  contact. 

/.  Security: 

The  entire  area  should  be  fenced  and  of  such  a  nature  as  to  discourage  unau- 
thorized entry  and  theft.  A  common  solution  is  barbed-wire-topped  chain  link  fenc- 
ing. Gating  and  fencing  should  be  so  arranged  as  to  segregate  new  car  storage  from 
employee  parking.  To  minimize  the  possibility  of  theft,  one  auto  manufacturer  rec- 
ommends that  new  vehicles  can  only  be  driven  out  of  die  storage  area  over  a  haul- 
away dock.  Provision  for  checking  employees  and  visitors  in  and  out  should  be  made. 
Locking  devices  on  all  gates  are  recommended. 
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g.  Lighting: 

Lights  should  be  provided  for  the  entire  area  of  sufficient  intensity  to  be  ade- 
quate for  loading,  unloading,  inspection  and/or  security. 

h.  Multi-Level  Unloading  Area: 

This  area  should  be  placed  as  close  as  possible  to  the  center  of  operations  in 
order  to  minimize  travel  distances. 

( 1 )  Unloading  Tracks :  The  number  and  length  of  these  tracks  will  be  de- 
pendent upon  the  volume  of  rail  cars  handled  and  the  availability  of 
switching  service.  Rail  cars  and  thence  the  autos  on  them  may  not 
always  be  oriented  in  the  same  direction,  thereby  making  it  desirable  to 
provide  for  unloading  multi-levels  from  either  end.  Since  the  backing  of 
automobiles  from  rail  cars  is  not  permitted,  the  alternative  to  providing 
facilities  to  unload  from  either  end  of  the  rail  car  is  to  turn  cars  on  a 
wye  or  turntable  prior  to  unloading.  This  may  not  be  desirable  from  an 
operating  or  time  standpoint.  Track  centers  and  surfacing  between  tracks 
should  be  sufficient  to  allow  passage  of  service  vehicles  for  the  purpose 
of  alleviating  tire  problems  of  flat  tires,  missing  wheels,  dead  batteries, 
lack  of  gasoline  and  others  that  may  occur  with  the  automobiles. 

(2)  Unloading  Equipment:  Unloading  equipment  should  allow  quick  drive- 
off  of  automobiles.  Where  economically  justifiable,  the  ramp  should  be 
power  controlled  vertically  for  adjustment  to  deck  levels  as  well  as  hori- 
zontally to  adjoining  tracks.  Manufacturers  should  be  consulted  regarding 
maximum  ramp  angle  permitted.  At  points  where  it  is  considered  advis- 
able to  provide  unloading  in  either  direction,  one  of  two  methods,  other 
than  simply  turning  the  car,  can  be  employed.  Ramps  may  be  mounted 
on  flanged  wheels  and  rails  perpendicular  to  the  unloading  tracks.  This 
mediod  requires  a  certain  amount  of  switching  to  orient  the  rail  cars 
with  the  appropriate  ramp.  The  second  method  is  to  mount  the  ramps 
on  rubber  tires,  pave  the  unloading  track  area,  and  move  the  ramp  to  the 
cars  to  be  unloaded. 

i.  Haul-away  Loading  Area: 

The  provision  of  a  loading  dock  where  highway  trailers  can  be  spotted  for 
loading  is  recommended  in  order  to  reduce  loading  angle  and  decrease  loading  time. 
The  preference  of  the  specific  contractor  should  be  determined  to  assure  compatabil- 
ity  with  his  equipment,  the  dimensions  and  extent  of,  or  even  the  need  for,  this 
feature. 

2.  Truck  Transport  Terminal 
a.  General: 

Factors  regarding  location,  size,  buildings,  surfacing,  security  and  lighting 
enumerated  above  for  automobiles  apply  equally  as  well  to  trucks.  The  rail  equip- 
ment and  the  placement  of  the  trucks  on  the  rail  equipment  differs.  Trucks  with 
cabs,  but  without  bodies,  are  commonly  shipped  in  "saddleback"  fashion  on  a 
specially  equipped  flat  car.  Thus,  die  use  of  a  crane  is  required  for  loading  and 
unloading.  While  the  loading  may  be  done  at  a  plant  site  exclusively  devoted  to 
trucks,  the  unloading  operation  can  conveniently  be  incorporated  into  and  made  a 
part  of  a  typical  automobile  unloading  facility. 
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Fig.  8 — Typical   layout   for    "A"   frame   truck   unloading, 


174        Bulletin  635 — American  Railway  Engineering  Association 

/;.   Unloading  Tracks: 

Truck  shipping  volumes  being  considerably  less  than  autos,  a  single  track  set 
apart  from,  but  adjacent  to,  auto  facilities  should  suffice.  Volume  and  economic  con- 
siderations will  dictate  the  degree  of  separation  from,  and/or  incorporation  within, 
auto  facilities. 

c.  Unloading  Facilities: 

Trucks  loaded  in  "saddleback"  fashion  must  be  removed  from  die  truck  diey 
have  been  set  upon  and  secured  to  for  transport  to  a  level  position  on  the  car  deck 
before  being  started  and  driven  from  the  car.  The  job  can  be  accomplished  by  a 
mobile  crane  of  sufficient  capacity  operated  adjacent  to  the  rail  car  where  volume 
is  light  and  the  need  only  occasional.  Where  volumes  require  a  greater  degree 
of  specialization,  it  is  recommended  that  an  "A"  frame  crane,  track  mounted  and 
electrically  operated  with  running  rails  located  outside  of  regular  track  rails,  be 
provided.  The  "A"  frame  straddles  the  car  to  be  unloaded  and  can  be  positioned 
to  handle  any  car  spotted  within  its  reach.  Fig.  8  details  a  tie  layout  to  accommo- 
date the  "A"  frame.  Access  to  the  unloading  track  for  pre-starting  service  should 
be  given  consideration.   Air  supply  sufficient  to  release  truck  brakes  is  a  necessity. 

3.  Vertically  Loaded  Automobiles 

a.  General: 

Factors  regarding  location,  size,  buildings,  surfacing,  security  and  lighting 
enumerated  for  automobiles  on  conventional  tri-levels  apply  equally  as  well  to  ver- 
tically loaded  small  autos.  The  rail  car  itself  differs  from  multi-level  rail  equipment 
in  that  automobiles  are  loaded  vertically.  Five  doors,  holding  three  autos  each,  on 
either  side  of  die  car,  actually  serve  the  combined  functions  of  loading,  unloading 
and  securement  devices.  The  car  design  requires  special  consideration,  as  explained 
below,  for  anyone  engaged  in  planning  an  unloading  area  for  such  cars. 

b.  Unloading  Track: 

The  number  of  tracks  and  their  lengths  will  be  dependent  upon  die  predicted 
volume  of  rail  cars.  An  area  60  ft  wide  is  recommended  on  both  sides  of  die  car 
to  provide  adequate  unloading  and  maneuvering  space.  See  Fig.  9  for  dimensions. 

c.  Unloading  Equipment: 

The  car  doors  themselves  serve  as  ramps  for  loading  and  unloading,  therefore, 
no  special  fixed  equipment  will  be  required.  A  mobile  machine  having  the  reach  and 
capacity  to  open  and  close  the  doors,  must  be  available. 
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Fig.  9 — Typical  unloading  area  lor  autos  loaded  vertically. 
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Manual   Recommendations 
Committee   15 — Steel  Structures 

Report  on  Assignment  B 

Revision  of  Manual 

D.  V.  Messman  (chairman,  subcommittee),  E.  S.  Birkenwald,  E.  Bond,  T.  J. 
Boyle,  H.  L.  Chamberlain,  A.  C.  Danks,  G.  F.  Fox,  T.  J.  Mearsheimer, 
C.  E.  Morris,  Jr.,  D.  L.  Nord,  R.  D.  Nordstrom,  D.  D.  Rosen,  G.  W.  Sal- 
mon, R.  D.  Spellman,  J.  E.  Stallmeyer,  C.  R.  Wahlen. 

Your  committee  submits  for  adoption  and  publication  the  following  revisions 
to  Chapter  15  of  the  Manual. 

SPECIFICATIONS  FOR  STEEL  RAILWAY  BRIDGES 
PART   1— DESIGN— ASTM   A  36  STEEL 

Page  15-1-16,  revise  Art.  1-4-1  as  follows: 

Replace  the  first  line  under  Axial  compression,  gross  section,  with  the  following 
two  lines: 

For  stiffeners  of  beams  and  girders    See  Art.  1.7.7.   (c) 

For  splice  material 20,000 

Page  15-1-27,  revise  Art.  1.7.7  as  follows: 
Delete  the  last  sentence  of  Paragraph  ( a ) . 
Add  the  following  new  Paragraphs   ( b ) ,   ( c ) ,  and   (  d ) : 

(b)  The  outstanding  portion  of  a  bearing  stiffener  shall  meet  the  width-thick- 
ness ratio  requirements  for  outstanding  elements  in  compression. 

(c)  Bearing  stiffeners  shall  be  designed  as  columns,  assuming  the  column  sec- 
tion to  comprise  the  pair  of  stiffeners  and  a  centrally  located  strip  of  the  web 
whose  width  is  equal  to  25  times  its  thickness  at  interior  stiffeners  or  a  width 
equal  to  12  times  its  thickness  when  the  stiffeners  are  located  at  the  end  of  the 
web.  The  effective  length  shall  be  taken  as  %  of  the  length  of  die  stiffeners  in 
computing  the  ratio  l/r. 

(d)  Bearing  stiffeners  shall  also  be  designed  for  bearing,  using  no  part  of  the 
web.  Only  that  part  of  die  outstanding  leg  of  an  angle  stiffener  or  that  part  out- 
side the  corner  clip  of  a  plate  stiffener,  which  is  in  contact  with  the  flange  angle 
or  flange  plate,  shall  be  considered  effective  in  bearing. 

Page   15-1-33,   revise  Art.    1-10-10   as  follows: 

Delete  the  word  "stiffeners"  in  the  first  line  of  Paragraph   (a). 

Add  new  Paragraph   (b)   reading  as  follows: 

(b)  Stiffeners  may  be  welded  to  webs  of  girders  where  subjected  to  tensile 
stress  from  live  load  provided  that  die  maximum  tensile  stress  in  the  web  does  not 
exceed  that  permitted  by  Art.  1.3.13.3.1  (a). 

Add  the  following  new  material  as  an  Appendix  to  Part  1: 
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APPENDIX 


Maximum  Moments,  Shears  and  Pier  (oh  Floorbeam)  Reactions 

for  Cooper  E  80  Live  Load 

All  values  are  for  one  rail  (¥1  track  load) 


Maximum  Shears 

Span 

Maximum 

Mn. rim  um 

Kips 

Maximum 

Li  nqth 

Moment 

Morru  ni 

Pier 

F,  i  / 

Foot-  Kips 

1  j  Paint 

At  H 

Reaction 

Fool-  Kips 

At  Fail 

Point 

At  Center 

Kips 

5 

50. 00 

37 .  50 

40.00 

30.00 

20.00 

40.00 

6 

60.00 

45.00 

46.67 

30.00 

20.00 

53.33 

7 

70.00 

55.00 

51.43 

31.43 

20.00 

62.86 

8 

80.00 

70.00 

55.00 

35.00 

20.00 

70.00 

'.i 

90.00 

85 .  00 

57.58 

37 .  78 

20.00 

75.56 

10 

112.50 

100.00 

60.00 

40.00 

20.00 

80.00 

11 

131.36 

115.00 

65.45 

41.82 

21.82 

87.28 

12 

160.00 

130.00 

70.00 

43.33 

23.33 

03.33 

13 

190.00 

145.00 

73.84 

44.61 

24.61 

98.46 

14 

220.00 

165.00 

77.14 

47.14 

25.71 

104.20 

16 

280.00 

210.00 

85.00 

52 .  50 

27 .  50 

113.74 

18 

340.00 

255.00 

03.33 

56.67 

27.77 

121.33 

20 

412.50 

300.00 

100.00 

60.00 

28.00 

131.10 

24 

570.42 

420.00 

110.83 

70.00 

31  .07 

147.02 

28 

730.98 

555.00 

120.86 

77.14 

34.20 

104.58 

32 

910.85 

692.50 

131.44 

83.12 

37.50 

181.01 

36 

L097.3 

851.50 

1  11  .  12 

88.00 

11  .  10 

100.00 

in 

1311  .3 

1010.5 

150.80 

03.55 

44.00 

215.00 

15 

1601.2 

1233.6 

163.38 

100.27 

46.90 

237 . 2o 

50 

1901.8 

1473.0 

1 74 . 40 

106.94 

40.73 

257 . 52 

55 

2233 . 1 

1732.3 

185.31 

113.58 

52.71 

■_'mi.  07 

60 

2597.8 

2010.0 

196.00 

120.21 

55.60 

300.42 

70 

3415.0 

2608.2 

221.04 

131 .89 

01.45 

354.08 

80 

4318.9 

3298.0 

248.40 

143.41 

67.41 

:^.)7.7() 

90 

533'.).  1 

1158.0 

274.46 

L57.47 

73.48 

i:;7    i:, 

KM) 

6446.3 

5060.5 

300.00 

1 73  .  1 2 

78  72 

174.24 

120 

022.")    1 

7098.0 

347.35 

202.10 

88.02 

544 . 1 4 

1  Hi 

12  IOC, 

9400.0 

302.50 

230.23 

101 .01 

01 1.01 

160 

15908     * 

11032 

436.51 

256.51 

1  i;,.20 

687  ,-,(i 

180 

19672     * 

1  1820 

179.57 

281.00 

1 28 .  1 2 

702  22 

200 

23712     * 

17990 

522.01 

306.81 

1  10.80 

-iki 

250 

35118     * 

27154 

626.41 

367.30 

I7(). 05 

L030   I 

300 

18800       * 

38246 

729.34 

126.37 

197.93 

1 225 

350 

65050     * 

51114 

831  .43 

184.64 

225.51 

I  121  .7 

11)0 

83800     * 

65588 

933.00 

542.  lo 

252   II 

101'.'  0 

*.\t  center  of  span 
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Supplemental  Formulas 

Units  are  feet  and  kips.  L  =  span  length. 

M.6  and  Af.25  =  maximum  moments  at  center  and  at  Y*  point,  respectively. 

V,,  V.sb  and  V.-.  =  maximum  shear  at  end  of  span,  at  XA  point  and  at  center, 
respectively. 

R   =   maximum  pier  reaction  from  two  adjoining  spans  each  of  length  L. 

For  L  i=  284,  M.B  =  .5  L3  +  3800 

43QN 
For  L  i=  101,  V,,  =  2L  +  144  —  -^^ 

Lt 

4238 
For  L  ^  134.67,         V.*  =  1.125L  +  103  - 


L 

4238 

L 

5422 


For  202  ^  L  =  296,  V.s  =  .5  L  +  62  — 
For  L  >  296,  V.B  =  .5  L  +  66  — 
ForL^142,      R  =  4L  +  ^ 


PART  2— DESIGN— HIGH  STRENGTH   STEELS 

Page  15-2-8,  revise  Art.  2-4-1  as  follows: 

Replace  the  first  two  lines  under  Axial  compression,  gross  section,  with  the 
following: 

For  stiffeners  of  beams  and  girders   See  Art.   1.7.7(c) 

For  splice  material   0.55  Fv 

Page   15-2-13,  revise  Art.  2.8.2  as  follows: 

Delete  the  word  "stiffeners"  in  the  first  line  of  Paragraph   (a). 

Add  new  Paragraph   (b)   reading  as  follows: 

(b)  Stiffeners  may  be  welded  to  webs  of  girders  where  subjected  to  tensile 
stress  from  live  load  provided  that  the  maximum  tensile  stress  in  the  web  does  not 
exceed  that  permitted  by  Art.  2.3.1.3.1(a). 


Your  committee  submits  for  publication  the  following  editorial  revisions  to 
Chapters    1    and    15  of   the   Manual: 

SPECIFICATIONS  FOR  CORRUGATED  STRUCTURAL  PLATE  PIPE, 
PIPE-ARCHES,  AND  ARCHES 

Page  1-4-25,  revise  Art.  2  to  read: 
2.  Base  Metal 

The  base  metal  of  the  corrugated  plates  shall  conform  to  the  requirements  of 
current  ASTM  Specification,  Designation  A  444.  Unless  otherwise  ordered,  the  base 
metal  may  be  either  copper-bearing  pure  iron  or  copper  steel. 

Page  1-4-26,  revise  Art.  6  to  read: 


Manual   Recommendations 179 

6.  Tests  for  Spelter  Coating 

The  test  for  weight  of  spelter  coating  shall  be  made  in  accordance  with  the 
hydrochloric  acid-antimony  chloride  method,  as  described  in  current  ASTM  Specifi- 
cation, Designation  A  90. 


SPECIFICATIONS   FOR   STEEL  RAILWAY  BRIDCES 
PART   1— DESIGN— ASTM  A  36  STEEL 

Page  15—1—3,  revise  the  note  applying  to  A  36  steel  in  Art.  1.2.1  to  read  as 
follows: 

When  this  steel  is  used  for  welded  bridge  construction,  or  for  other  bridges 
where  improved  notch  toughness  is  important,  the  material  shall  be  silicon-killed 
fine-grain  practice,  or,  for  plates  and  bars  %  inch  and  less  in  thickness  and  for 
shapes,  it  shall  be  other  than  rimmed  or  capped  steel  and  shall  have  a  manganese 
content  not  less  than  0.60  percent  heat  analysis,  0.57  percent  product  analysis. 
(To  obtain  these  requirements,  they  must  be  stated  in  the  mill  order  for  steel.) 

Page  15-1-6,  add  new  Art.  1.2.11  reading  as  follows: 
1.2.11   Metal  Inner  Guard  Rails  and  Guard  Timbers 

Recommendations  pertaining  to  the  use  of  metal  inner  guard  rails  and  guard 
timbers   are  contained   in   Chapter  7,   Part  3. 

Page    15-1-8,    add    new    Paragraph    (e)    to   Art.    1.3.4.2.3   reading   as   follows: 
(e)   For  bridges   with   concrete   decks,   the  slab  shall  be  designed  to  carry  its 
portion  of  the  load. 

Page  15-1-8,  revise  Art.  1.3.5(a)  by  replacing  the  first  two  sentences  with 
the  following  sentence: 

(a)  Impact  load  shall  be  determined  by  taking  a  percentage  of  the  live  load 
specified  in  Art.  1.3.3  and  shall  be  applied  vertically  and  equally  at  top  of  each 
rail.    For  open-deck   bridges,    the   percentage  .   .  . 

Pages  15-1-9  and   1.5-1-10,   revise  Art.  1.3.6  as  follows: 

Retain   present   Paragraph    (a)    as   is. 

Redesignate   present   Paragraph    (d)    as   Paragraph    (b)    and   move   to  proper 

alphabetical    position,    deleting    present    Paragraph     (b). 
Revise  Paragraph   (c)   to  read  as  follows: 

(c)  On  curves,  each  axle  load  on  each  track  shall  be  applied  vertically  through 

the    point    defined    in    Paragraph    (a).    Impact    load    shall    be    applied    .is    specified    m 
Art.    1.3.5. 

Add  new    Paragraph   (d)   reading  as  follows: 

( d )  On  curves,  the  loads  on  a  stringer,  girder  or  tmss  toward  the  outside  and 
inside  of  curve  shall  be  determined  separately,  and  the  greater  section  required 
shall  be  used  on  both  sides,  for  members  toward  outside  of  curve,  the  lull  impact 
of  Art.  1.3.5  and  the  centrifugal  lone  at  maximum  permissible  speed  as  defined  in 
Paragraph    (l>)    shall   apply,    for   members   toward    inside   oi    curve,   anj    effed   oi 

Centrifugal     force    shall        be    omitted    and    impact     shall    correspond    to    the    smallest 

percentage  permitted   1>\    Ait.  7.3.3.3. 
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Page  15-1-13,  revise  tin-  first  sentence  in  Art.   1.3.13.3.1  to  read  as  follows: 
Base  metal  at  transverse  groove  welds,  except  as  provided  in  Art.   1.10.4. 

Page  15-1-14,  revise  title  for  Art.   1.3.13.3.2  to  read  as  follows: 
Base  metal  at  longitudinal  groove  welds  and  weld  metal  in  longitudinal  groove 
welds. 

Page  15-1-14,  revise  Art.  1.3.13.3.4  to  read  as  follows: 

(a)  Allowable  unit  stress  in  tension  and  compression  in  transverse  groove 
welds  shall  be  the  same  as  specified  for  base  metal  at  transverse  groove  welds  in 
Art.    1.3.13.3.1— Formulas    (13)    through    (16). 

(b)  Allowable  unit  stress  in  shear  in  fillet  welds  and  in  transverse  groove 
welds:    (Case  I  and  Case  II  formulas  to  remain  unchanged.) 

(c)  Allowable  unit  stress  in  shear  in  longitudinal  groove  welds  shall  be  the 
same  as  specified  for  base  metal  in  Section   1.4. 

PART  2— DESIGN— HIGH-STRENGTH   STEELS 

Page  15—2-5,  revise  the  introductory  sentence  of  Art.  2.3.1.3.1  to  read  as 
follows: 

Base  metal  at  transverse  groove  welds,  except  as  provided  in  Art.  2.8.1. 

Page  15-2-6,  revise  the  introductory  sentence  of  Art.  2.3.1.3.2  to  read  as 
follows : 

Base  metal  at  longitudinal  groove  welds  and  weld  metal  in  longitudinal  groove 
welds. 

Page    15-2-6,   revise  Art.   2.3.1.3.4   to  read  as  follows: 

(a)  Allowable  unit  stress  in  tension  and  compression  in  transverse  groove 
welds  shall  be  the  same  as  specified  for  base  metal  at  transverse  groove  welds  in 
Art.  2.3.1.3.1— Formulas   (2.13)   through   (2.16). 

(b)  Allowable  unit  stress  in  fillet  welds  and  in  transverse  groove  welds: 
( Case  I  and  Case  II  formulas  to  remain  unchanged. ) 

( c )  Allowable  unit  stress  in  shear  in  longitudinal  groove  welds  shall  be  the 
same  as  specified  for  base  metal  in  Section  2.4. 

PART  7— EXISTING  BRIDGES 

Page  15-7-11,  revise  Art.  7.3.3.6  to  read  as  follows: 

7.3.3.6  Lateral  Forces  From  Equipment 

(a)  For  bracing  systems  or  for  longitudinal  flexural  members  entirely  without 
a  bracing  system,  a  single  moving  concentrated  lateral  force  equal  to  %  of  the 
weight  of  the  heaviest  axle  in  the  specified  design  live  load  shall  be  applied  at  the 
base  of  rail,  in  either  direction  and  at  any  point  along  the  span,  in  addition  to  the 
other  lateral  forces  specified.  On  structures  supporting  multiple  tracks,  the  force 
shall  be  applied  on  one  track  only.  The  resulting  vertieal  forces  shall  be  disregarded. 
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PART  9— COMMENTARY   AND   RIBLIOGRAPHY 

Add  the  following,  as  References  (30)  and  (31),  to  the  list  of  references  in 
the  Bibliography  with  appropriate  mention  being  made  in  Art.  9.1.3.4  on  page 
15-9-2: 

(30)  Symposium  on  Fatigue  of  Steel  Structures,  Journal  of  the  Structural  Division, 
ASCE,  Vol.  94,  No.  ST12,  Dec.  1968,  pp.  2663-2797. 

( 31 )  Sanders,  W.  W.,  Jr.,  and  Munse,  W.  H.,  Load  Distribution  in  Steel  Railway 
Bridges,  Journal  of  the  Structural  Division,  ASCE,  Vol.  95,  No.  ST12,  Dec. 
1969,  pp.  2763-2781. 


Manual   Recommendations 
Committee  27 — Maintenance  of  Way  Work  Equipment 

Report  on  Assignment  4 

Machine  Design 

M.  E.  Kerns  (chairman,  subcommittee),  J.  V.  Adams,  L.  J.  Calloway,  L.  E.  Con- 
ner, J.  W.  Cummings,  C.  Q.  Jeffords,  R.  L.  Matthews,  R.  W.  Patton,  R.  S. 
Radspinner,  T.  R.  Rigsby,  R.  T.  Ruckman,  J.  T.  Smith,  M.  L.  Stone,  J.  P. 
Zollman. 

Your  committee  recommends  for  adoption  and  publication  in  Chapter  27  of 
the  Manual  the  accompanying  drawing  (see  next  page)  entitled  "Axle,  Wheel  and 
Hub  Specifications  for  Work  Equipment."  Four  axle  sizes  are  covered:  2/2-,  3-,  3/2- 
and  4-inch  diameters. 


Hui.  <;:•..". 
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Kershaw  Trackwork  Machines 


Weed  And  Brush  Cutter  (Track  Patrol) 

Designed,  Tested,  and  Proven 

on  America's  Railroads 

Kershaw 


MANUFACTURING  CO. 


MONTGOMERY 


W 


ALABAMA 


IVackwork  Equipment  Developed  and  Proven  On  the  Job 

leavy  Duty  Ballast  Regulator,  Scaritier  and  Plow,  Standard  Ballast  Regulator,  Sacrifier  and  Plow, 
rack  Broom,  Super  Jack-All,  Standard  Jack-All  Kershaw  Kribber,  Two-Wheel  Kribber,  Tie  Bed  Sacrifier 
ie  Inseter,  Track  Undercutter-Skeletonizer,  Ballast  Cleaner,  Crib-Adze,  Mocar  Crane,  Track  Crane  and 
fie  Inserter,  Utility  Derrick,  Two-Ton  Rail  Derrick,  Tie  Replacer,  Dual  Tie  Saw,  Track  Liner,  Snow 
Switch  Cleaner,  Weed  and  Brush  Cutter  (Track  Patrol). 


182-2 


Advertisement 


PLASSER 

UNIVERSAL  SWITCH  TAMPER  2W75-SC 


FULLY  AUTOMATIC 

LIFTING 

LEVELING 

TAMPING 


TAMP  EVERY  TIE 
IN  SWITCHES 
AND  TURNOUTS 
Through  the  use  of  the 
exclusive  Plasser  individually 
tillable  tamping  arms  every  tie 
can  be  tamped  in  switches 
and  turnouts. 

All  ties  within  the  frog  area  are 
fully  tamped.  The  ballast  is 
solidly  compacted  by  the  use  of 
the  Plasser  non-synchronous 
type  squeeze-pressure  action. 
There  is  a  wide  range  of 
squeeze-pressure  adjustment 
available  to  compensate  for 
varying  track  conditions. 

With  this  Plasser  switch  tamper 
lifting  and  leveling  is 
automatically  accomplished  and 
controlled  without  the  use  of 
outside  or  hand  jacks.  Thus,  one 
man,  the  machine  operator, 
does  the  entire  job  of  lifting, 
leveling  and  tamping. 


When  working  in  switches  and  turnouts  only 
specially  arranged  sturdy  lifting  hooks  engage  the 
base  of  rail  to  lift  and  level  at  any  point  of  the 
switch.  There  are  four  of  these  hooks,  two  on  each 
rail  and  independently  controlled  to  insure  a  posi- 
tive and  secure  grip,  resulting  in  accurate  lifting 


and  cross  leveling.  For  production  work,  this  tamp- 
er can  also  be  equipped  with  two  sets  of  roller 
clamps  on  each  rail.  The  eight  rollers  make  contin- 
uous contact  under  the  rail  head.  This  same  sys- 
tem is  used  on  all  Plasser  production  tampers,  en- 
tirely eliminating  the  use  of  outside  jacks. 


PLASSER  CANADIAN  CORPORATION 

2705  Marcel  St.,  Montreal,  Que.,  Can.  382 


Advertisement 
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SWITCH  TAMPERS  FOR  ALL  YOUR  JOBS 

UNIVERSAL  UYT-2W75  YARD,  SWITCH  &  SPOT  TAMPER 


This  versatile  tamper  is  a  new  addition  to  the 
popular  Plasser  Universal  line.  Even  though  the 
UYT  2W75  has  a  lower  original  cost,  it  is  equipped 
with  two  of  the  exclusive  Plasser  four-tool  tamping 


heads  with  individually  tiltable  tamping  arms, 
which  insures  the  tamping  of  every  tie  through 
switches  and  turnouts  without  the  use  of  outside 
or  ground  jacks. 


This  Universal  UYT  2W75  tamper  is  particularly 
adaptable  for  yard  work  where  it  has  proven  itself 
as  a  money  saver.  The  reasonable  price  plus  its 
ability  to  do  a  fine  job  tamping  switches  and  doing 
spot  work  suggest  yard  assignment.  It  can  be 
equipped  with  automatic  lifting  and  leveling  equip- 


ment as  well  as  automatic  lifting  correction  with 
cross  level  indicator.  You  should  see  one  of  these 
tampers  in  service  and  we  will  be  pleased  to  make 
the  necessary  arrangements  for  you  to  do  so  at 
your  convenience.  You  will  be  convinced  that  it  is 
a  superior  machine. 


PLASSER  AMERICAN  CORPORATION 


EXECUTIVE  OFFICE 

332  SO.  MICHIGAN  AVE. 
CHICAGO,   ILLINOIS  60604 


GENERAL  OFFICES  &  PLANT 

2001   MYERS  ROAD 
CHESAPEAKE,  VIRGINIA  23324 
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JACKSON 

MODEL  4000  TAMPER 


The  Versatile  Maintenance  Tool 


We  call  our  popular  Model  4000  tamper  The 
Versatile  Maintenance  Tool,  because  that's  what 
it  is.  A  lot  of  people  agree  with  us  ...  on  trunk 
and  short  line  roads,  in  plants  and  among  railroad 
contractors.  The  Jackson  Model  4000,  you  see, 
delivers  high  quality  vibratory  tamping  in  any 
kind  of  lift.  It  is  so  effective  at  tamping  low  joints 
because  of  its  ability  to  nip  ties  out  of  cemented 
or  mucky  ballast,  that  the  Jackson  Model  4000 
tamper  is  the  preferred  machine  for  this  type  of 
service.  It's  equally  efficient  on  main  lines,  in 
yards  and  at  switches. 

The  Model  4000  is  loaded  with  features,  start- 
ing with  the  famous  Jackson  patented  vibratory 
system,  suspended  on  the  latest  rigid  work  head 
configuration  which  gives  more  tamping  force 
than  any  comparable  unit.  It  is  equipped  with 


pneumatic  tires  and  can  legally  travel  on  hard 
surface  roads,  at  up  to  23  MPH,  carrying  its  crew 
to  and  from  the  job  site.  It  is  easily  placed  on 
track  or  removed,  at  grade  crossings.  The  Model 
4000  is  the  only  tamping  machine  designed  as  an 
on  and  off  unit  from  the  wheels  up.  Of  course,  it's 
quality  built  throughout,  or  it  couldn't  wear  the 
Jackson  "J". 

With  rail  clamps  and  jacks  as  standard  equip- 
ment, the  Model  4000  can  be  used  with  a  light 
beam  for  precise  electronic  control  of  surfacing. 

Here's  a  suggestion  . .  .  contact  Jackson  today 
and  get  the  full  story  of  how  other  equipment- 
wise  men  are  getting  everything  they  want,  and 
more,  from  the  Model  4000.  A  demonstration  will 
convince  you,  as  it  did  them,  that  the  Jackson 
Model  4000  is  THE  Versatile  Maintenance  Tool. 


JACKSON  VIBRATORS,  INC. 

332  South  Michigan  Avenue,  Chicago,  Illinois  60604 
Telephone:  312-922-6604  •  CABLE:  JAKTAMP 
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Here's  the  Best-of-Everything,  New, 

JACKSON  5000  SYSTEM 


NOW!    ONE  MACHINE  THAT  GIVES... 
■  Positive  placement  of  ballast 
Firm  positioning  with 
minimum  void 

No  destructive  pulverizing 


Jackson  has  developed  a  new,  automated,  tie  tamping 
machine  that  is  the  first  to  give  you  the  best  of  all  three 
types  of  tamping  .  .  .  vibratory,  squeeze  and  impact.  For 
over  forty  years  Jackson  has  proved  that  vibration  is  the 
most  positive  method  of  placing  ballast  under  ties  with 
a  minimum  of  void  and  no  destructive  pulverizing. 

Now,  without  sacrificing  the  effectiveness  of  vibratory 
tamping,  we  have  incorporated  a  new  double  squeeze 
system.  This  first  of  its  kind,  anywhere.  Jackson  5000 
System  is  the  first  major  improvement  in  tamping 
methods  in  years. 

The  command  module  features  all  solid  state  fingertip 
controls,  full  visibility  and  an  efficiency-designed  work- 
ing environment. 

The  automatic  surfacing,  lining  and  tamping  module, 
built  on  a  truss  beam  lifting  concept,  has  no  shoulder 
jacks  or  other  projections  to  interfere  with  close  clear- 
ance. The  Jackson  5000  System  clamps,  lifts  track  and 
tamps  by  simultaneous  vibratory,  squeeze  and  impact 
action  to  place  uniform,  high-density  ballast  compaction 


right  where  it's  wanted  . . .  under  the  ties  at  the  base  of 
the  rail.  Forget  ubout  center  bound  track  with  this  unit. 

The  combination  vibratory,  squeeze  and  impact  work- 
heads  simultaneously  direct  ballast  toward  the  tie  and 
toward  the  base  of  the  rail  at  pressures  adjustable  to  2000 
psi  in  each  direction.  This  double  squeeze  action  is  fur- 
ther enhanced  and  the  ballast  su|>er-condensed  by 
Jackson's  famous  vibratory  action  at  4500  vpm.  Our 
tests  show  work  capability  of  1600  feet  per  hour,  with 
one  insertion  for  normal  raise. 

The  5000  System  is  designed  to  work  with  Jackson's 
patented  electro-optic  servo  control  for  surfacing  and 
lining. 

If  you're  looking  for  a  superb  quality,  precision  auto- 
mated tamping  workhorse  that  includes  the  latest  think- 
ing in  vibratory,  squeeze  and  impact  forces  electronically 
directed  and  applied  to  high  production  surfacing  and 
lining  operations,  the  new  Jackson  5000  System  has  it  all. 

Contact  us  for  a  full  description  and  a  demonstration. 


JACKSON  VIBRATORS,  INC. 


332  South  Michigan  Avenue.  Chicago.  Illinois  60604 
CABLE:  JAKTAMP 


Telephone   312  922-6604 
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SAVE  $366.34  PER  MILE 

OF  DITCHING  AND  PROFILING.    HOW? 
WITH  A  JORDAN  DITCHER-SPREADER 


Figure  it 
out  for 
yourself 


View  from  top  ol  Jordan  cab. 


USING  A  JORDAN  SPREADER 

1  Jordan  with  work  train 

(including  fuel  and  rental) $300.00 

2  Operators:  $35.00  each 

per  8-hour  day 70.00 

370.00 
Work  on  track:  6-hours 

per  day  ($370 -^6)  =  61 .66  per  hour 

A  Jordan  can  do  one  mile  per 

hour*  profiling  and  ditching. 

Cost  per  mile 61.66  per  mile 

Number  of  miles  of  work  per 

6-hour  day 6 

*A  Jordan  works  both  sides  of  the  track  simultaneously. 


Jordan  moving  material  from  cut 


USING  OFF-TRACK  EQUIPMENT 

1  180  HP  crawler  tractor,  with  dozer 

blade,  per  day $155.00 

Operator  and  fuel 90.00 

1  Motor  Grader,  diesel 98.00 

Operator  and  fuel 85.00 

Cost  per  8-hour  day  $428.00 

This  off-track  equipment  can  profile  and 
ditch  both  sides  of  a  1-mile  stretch  of 
track  in  an  8-hour  day." 

Cost  per  mile  $428.00 

Number  of  miles  of  work  per  8-hour  day 1 


"Costs  and  figures  are  averages  and  will  vary  depending  upon  local  conditions  and  material  being  worked. 


Everybody  agrees  drainage  is  important... and 
that's  what  a  Jordan  gives  you... the  profiling 
and  ditching  that  mean  good,  long-lasting 
drainage.  Off-track  equipment  can,  too, ...at 
one-sixth  the  speed  and  about  700%  more  cost. 
You  can  choose  between  $61.66  per  mile  and 
$428.00  per  mile. 

For  years  Jordans  have  been  acknowledged  as 
the  most  efficient  and  economical  movers  of 
huge  amounts  of  material.  They're  for  the  big, 


tough,  expensive  jobs.  And  today  they're 
better-than-ever  because  of  new  instant-action 
hydraulic  controls  and  a  new  corps  of  service 
engineers  who  teach  improved  Jordan  opera- 
tion and  maintenance  techniques. 

If  you'll  contact  us  we'll  tell  you  about  the 
Jordan... as  a  super-ditcher/profiler,  a  massive 
mover  of  dirt,  and  a  snowplow's  snowplow. 

What  can  you  lose  except  $366.34  per  mile? 


0.  F.  JORDAN  COMPANY 


DIVISION  OF  JACKSON  VIBRATORS,  INC. 

332  South  Michigan  Avenue,  Chicago,  Illinois  60604    312-922-6604 
Cable:  JAKTAMP 
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complete 
culvert 


Consider  for  a  moment  your  problem  culverts  —  if  you 
have  "pat"  solutions  you  may  be  substituting  for  the  best 
solutions. 

Let  us  inspect  and  make  our  recommendations  to  you 
without  obligations. 


EXPERIENCE  —  our  years  of 
experience  have  taught  us  not  to  jump 
to  conclusions  where  culverts  are 
concerned.  Experience  is  beneficial 
to  us  and  to  our  customers  where 
railroading  is  concerned. 

COMPARATIVE  STUDY  —  various 

alternatives  for  culvert  rehabilitation  is 
a  must.  After  a  thorough  check  the 
Restoration  Division  of  Penetryn  will  be 
able  to  determine  the  economical 
answer  to  the  alternatives.  Repair? 
Line?  Install  Pipe?  They  will  know 
the  proper  solution  for  individual 
culvert  restoration. 

ANALYZE  —  the  Restoration  Division 
of  Penetryn  will  provide  you  with  the 
solution  only  after  analyzing:  costs  .  . . 
drainage  requirements  . . .  design 
restrictions  . . .  structural  conditions 
. . .  fill  changes  and  floor  requirements. 

You  might  feel  you  have  an  easy 
solution,  but  is  it  the  best  solution? 
Ask  us. 


MAIN  OFFICES: 


PENETRYN 


PENETRYN  SYSTEM,  INC. 
RESTORATION  DIVISION 

38399  PELTON   RD. 

WILLOUGHBY,  OHIO  44094 

PHONE  (216)  946-4450 

424  OLD  NISKAYUNA  RD. 

LATHAM,   NEW  YORK   12110 

518-785-6669 


NATIONWIDE  RAILROAD  CONTRACTING  SPECIALISTS  FOR  MORE  THAN  40  YEARS. 
Penetryn  also  specializes  in  tunnel  and  bridge  restoration  —  chemical  and  cement  grout  con- 
solidation and  waterproofing. 
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HABCO)     Satisfaction  through  service 


Specialists  and  manufacturers   in  the  field  of  vegetation  control. 

SOIL  STERILANTS  CONTACT  CHEMICALS                         r 

GRANULES— HABCO   HYCHLOR   .    .    .    HABCO  DACONATE    .    .    .    DACAMINE    .    .    .    2,4-Ds 

5H    .    .    .    HABCO    10K    .    .    .  OF  ALL  KINDS 

HABCO    10T   .    .    . 

LIQUIDS     —  CHLORATE-BORATE  .  .  .  HYVAR  BRUSH   CONTROL 

X   .   .    .    KARMEX    .    .    .    TELVAR  AMMATE   .    .    .    DYBAR   ...   ALL   COMBINA- 

.   .   .  ATRATOL   .    .    .   PRAMITOL  TIONS  OF   2,4-D   AND  2,4,5-T 

YOUR  APPLICATION   OR  OURS 

Horne-Boatright  Chemical  Company,  Inc. 

Our  regional  representatives  are  as  close  as  your  telephone. 

Douglas  Boatrlght  Robert  E.  Lund 

Room  604,  Transportation   Bldg.  1040  Coulter 

Birmingham,   Ala.   35203  Winnipeg   3,   Manitoba 
205/252-0715  204/786-3421 

Donald  E.  Home  John  A.  Forderhase 

7301   West  Lake  St.  2251   Armour  Road 

Minneapolis,  Minn.  55426  North  Kansas  City,  Mo.  64116 
612/929-4689  816/421-1488 


Lefton  Iron  &  Metal  Co, 

Executive  Office:  205  So.   17th  St.  •   East  St.  Louis,  III. 

PHONE   (314)   241-7100 

Your    Best    Source 

for 

RELAYING    RAILS,    ACCESSORIES, 
TRACK    SPIKES    and    BOLTS 

NEW    and     RELAY 

TRY  US  FOR  REAL  SERVICE! 

and  SAVINGS 

ALL  INQUIRIES  PROMPTLY  HANDLED 

2i»«  1913 
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Portec  Railway  Products . . . 
each  one  number  one  in 
performance  and  dependability 


Be  foresighted  with . . . 

PORTEC 


inc. 


RAILWAY  PRODUCTS  DIVISION 


300  Windsor  Driv«  •  Oak  Brook,  Illinois  60521  •  In  Canada  Port«c,  Limited    Montreal.  Qu»b«c 
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KERITE 
CABLE 


MC MS  ER 


For  dependability  in  actual  use,  no  other  cable 
matches  Kerite.  We  believe  you  will  be  im- 
pressed by  the  evidence. 


THE   KERITE  COMPANY 

PRINCIPAL  OFFICES:  Boston;  Chicago;  New 
York;  Philadelphia;  San  Francisco;  and 
Seymour,  Connecticut  •  Sales  Representa- 
tion throughout  the  United  States.  A  sub- 
sidiary of  Harvey  Hubbell   Incorporated. 

RITE  insulation  that  makes  the  difference 


A 

tradition  of  service  .  .  . 

*   Water  Treatment  Chemicals  Protecting  Diese 
Systems  and  Steam  Generators 

Cooling 

*   Weed  and  Brush  Control  Chemicals 

•   Fuel  Oil  Additives 

°    Pollution    Control   Chemicals   and   Consulting 

Services 

*   Wheel   Flange   Lubricators 

NALCO    CHEMICAL   COMPANY 

"1BQ   N.  MICHIGAN   AVENUE     a     CHICAGO.ILLINOIS   60601 

N 

NALCC 

Trademarks  of  Nalco  Chemical  Company 

NALCO 

MODEL  441 

Developed  and  Built 
for  Railroad  Maintenance 

180°  BOOM  SWING 

DOBS  ALL  JOBS! 


CUTS     MAINTENANCE     COSTS 


12  FAST  CHANGE  ATTACHMENTS 


•  Forks 

•  l'/4  Cu.  Yd.  Bucket 

•  Tote  Hook 

•  18'  Boom  Extension 

•  Fork  Tie  Baler 

•  Track  Cleaning  Bucket 


•  Back  Hoe 

•  Clamshell 

•  Back  Filler  Blade 

•  Pull   Drag  Bucket 

•  4  Cu.  Yd.  Snow  Bucket 

•  Pile  Hammer 


Optional  Attachment 
Flanged  Wheels,   Hydraulically  Controlled 


PETTIBONE  MULLIKEN  CORPORATION 


WIDE   TRACK   CLEANING   BUCKET 


RAILROAD^gWDIVISION 

141    W.   JACKSON^^lp*^  CMICAOO  4.  Ill 

80  Years  of  Service 
fo  the  Railroad  Industry 
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SEALTITE    HOOK    BOLT 

Fastens  timbers  and  ties  to  steel  beams.  Easy 
to  install,  long-life.  Fins  prevent  turning. 
Spring   lock   holds   tension. 


SEALTITE    SPRING    LOCK 

Maintains   tension   as   timber 

changes  by  weather  or  wear. 


111—  li  il  i  mi 

SEALTITE   DOME   HEAD    DRIVE   SPIKE 

Fastens  timbers  and  plank  decking  on  grade  crossings, 
bridges  and  docks.  Wide,  smooth  head  seals  opening, 
wears  wel 


LEWIS   WASHER   HEAD   TIMBER   DRIVE   SPIKE 

Fastens  highway  crossing  planks,  bridge  guard  rails  and 
general  timber  construction.  One-piece  head.  Easy  to 
install   and   remove. 


e 


L/ETWIS  BOLT  &  NUT  COMPANY 

504  MALCOLM  AVE.  S.E.,  MINNEAPOLIS,  MINN.  55414 


CUT  TIE  REPLACEMENT  COSTS 


Racine  Plate-Boy  cleans  ties,  lifts  rails 


Racine  Plate-Boy  quickly  pays  for  itself  by 
reducing  the  cost  of  cleaning  ballast  from 
ties  and  inserting  the  tie  plates. 

Used  behind  the  tie  inserter  and  tamper, 
Plate-Boy  sweeps  the  ties  on  both  sides  of 
each  rail,  and  lifts  both  rails  just  the  proper 
amount  to  insert  the  tie  plates.  Sensitive 
hydraulic  controls  prevent  excessive  "hump- 
ing" of  rails. 

Only  an  operator  and  one  laborer  are 
required,  saving  the  work  of  two  men.  Costs 
are  further  reduced  by  using  reclaimed  air 
hoses   for   broom   bristles. 


To  find  out  how  this  dual-purpose  ma- 
chine can  help  you  beat  the  labor  shortage 
and  high  M.W.  costs,  see  your  Racine  dis- 
tributor, or  write. 


RACINE  RAILROAD  PRODUCTS,  INC. 

1524  FREDERICK  STREET  •  RACINE,  WISCONSIN  53404 
ANCHOR-FAST  •  ANCHOR-TIGHT  •  PLATE-BOY  •  RAIL  SAW  •  RAIL  DRILL 
OIL  PRESSOR   •  ANCHOR-MATIC  •  TRACK  GAUGER   •   BALLAST  CRIBBER 
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YOUR  RAILROAD  HAS  A  FUTURE! 
DO  YOUR  RAIL  ANCHORS? 

They  do,  if  they  are  rugged  Unit  Rail  Anchors.  High  carbon,  high 
manganese,  spring  steel,  improved  heat  treating  methods,  and  truly 
effective  no-overdrive  design  give  the  Unit  Rail  Anchor  the  holding 
power  it  needs  —  for  today's  job  and  for  repeated  future  use.  You 
get  maximum  service  —  Unit  Rail  Anchors  can  be  used  over  and  over 
again  without  significant  loss  of  holding  power.  Due  to  the  UNIT'S 
design,  it  CANNOT  be  overdriven  .  .  .  assuring  economy  through 
REAPPLICATION,  without  costly  re-forming.  Initial  investment  is  paid 
for  many  times  over  through  high  REAPPLICATION  value.  Unit  Rail 
Anchors  —  the  Future  is  designed  into  them. 

ALSO  AVAILABLE  —  UNIT  II.  Same  high  quality  at  a  lower  cost  .  .  . 
Made  from  a  slightly  lighter  section  of  steel,  for  requirements  where 
the  very  high  holding  power  and  reserve  strength  of  the  Standard 
Unit  are  not  considered  essential. 


MEMBER 

RRI 


UNIT  RAIL  ANCHOR  COMPANY,  INC. 


mAILWAY 
MOO»fll 

iitimuT*  • 


P.  0.  Box  4004 
Pittsburgh,  Pa.  15201 
(412)  781-4800 


Midwest  Office:  322  S.  Michigan  Ave. 
Chicago,  III.  60604 
(312)427-7442 

70RA3 
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WOODINGS-VERONA  TOOL  WORKS 


IT  Pioneer  Manufacturers 

of 

HIGH  GRADE  TRACK  TOOLS 

and 

SPRING  WASHERS  FOR  TRACK 

Since  1873 

VERONA,  PA.  CHICAGO.  ILL. 


w 

WOODINGS  FORGE  &  TOOL  COMPANY 

Makers 

of 

WOODINGS  RAIL  ANCHORS 

VERONA,  PA. 

CHICAGO,  ILL. 

Jgy^L  For    Quality    Products 

JBO-RflDJ  and 

^ — ^  Application   Service  .  .  . 

RAILROAD  VEGETATION  CONTROL 

THE  R.  H.  BOGLE  COMPANY 

P.  O.    Box    588 
ALEXANDRIA,  VA.  22313 

Memphis,  Tenn.  Alva,  Okla. 

Jacksonville,  Fla. 


LEVELLING,  LINING,  TAMPING... 

in  ONE  OPERATION,  with  ONE  OPERATOR 


.electronic 
reference 


,  FEELER 
detects  position 
of  track  in  spiral 
or  curve  et  every 
tie  and  leeds 
Inlormation  to 
"Auto-Control" 


UNER  UNIT 


WORKING 
SHADOW  BOARD 
controls  lining  at 
point  where 
lilting,  levelling 
and  temping 
It  done. 


RECEIVER 
BUQQY 
"Auto-Control" 
continuously 
positions 
receivers 
electronically  to 
satisfy  Ideal  curve 
requirements  and 
establishes 
required  amount 
ot  track 
correction. 


The  Autojack  Electromatic 
with  Autoliner  leads  the  way 
through  these  advantages.- 

•  Gives  the  highest  possible  degree  of  accuracy  by  electronic 
beams  projected  100  feet  in  advance  of  where  levelling, 
lining  and  tamping  are  taking  place. 

•  Automatic,  continuous  operation  for  both  tangent  and 
curve  track.* 

•  No  plotting  of  spirals  or  curves  required.  Machine  computes 
as  it  runs  for  the  best  transition. 

•  No  disturbing  or  humping  of  track  — lining  takes  place 
simultaneously  with  lifting  and  tamping  ahead  of  tamping 
tools. 

•  With  the  Autoliner,  it  is  possible  to  make  a  minute  throw 
and  have  it  stay  there  because  tamping  is  done  in  correct 
alignment. 

"Model  ALT  for  Tangent  track  and  Model  ALC  for  Tangent 
and  Curve  Track,  both  available  as  attachments  for 
existing  AUTOJACK  ELECTROMATICS. 


Head  Office  &  Plant  —  2401  Ed- 
mund Rd.,  West  Columbia,  S.  C. 
29169  •  803/794-9160 
Plant  — 160  St.  Joseph  Blvd., 
Lachine  (Montreal),  Que.,  Canada 
•  514/637-5531 
Parts  Depot — 1902  University 
Ave.,  St.  Paul,  Minn.  55115  • 
612/645-5055 

Sales,  Service  &  Parts  —  Tamper 
(Australia)  Pty.  Ltd.,  34  Mcin- 
tosh St.,  Airport  West,  G.P.O. 
Melbourne,  Victoria  3042,  Aus- 
tralia   •    379-8441 
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{ROOD 


TRACK  MAINTENANCE 
MACHINES 


TRACK  MACHINES 

Tie  Spacer 

RAIL-LAYING  EQUIPMENT 

Auto-Spiker 

Tie  Un loader 

Dual  Welded  Rail 

Ballast  Distributor 

Tie  Plate  Broom 

Laying  Equipment 

—Distributor/Cleaner 

Gauging  Machine 

BoltMaster 

Plug  Setter 

Bridge  Tool  Machine 

TAMPERS 

Rail  Oiler 

Brush  Cutter 

Hydramatic-16 

Rail-Laying 

Electronic  Surfacing 

Hydraulic-16 

Auto-Spiker 

Devices 

Multi-Purpose-8 

Rail  Anchor  Cart 

LineMaster 

Hydraulic-8 

Scrap  Loader 

Rail  and  Joint 

Jack 

Spike  Distributor  Cart 

Straightener 

Switch  Spot 

Tie  Plate  Gauger 

Rail  Saw-Drill 

Spot  Switch 

SPOT  SYSTEMS 

Combination 

(For  Repair  and  Cleaning) 

SpikeMaster 

Car  and  Locomotive 

Spiker-Spacer 

SNOW  BLOWERS 

Pullers 

TieMaster 

Typhoons 

Jacks,  Jip  Cranes 

Track  Broom 

Hurricane  Jets 

Retarders 

RAILWAY  MAINTENANCE  CORPORATION 

Box  1888  •  Pittsburgh,  Pa.  15230  U.S.A. 

Export  Sales:  American  Export  Company  (AMECO) 
228  No.  LaSalle  St.,  Chicago,  Illinois  U.S.A. 


Assure  lower  maintenance  costs,  better  performance  with 

Texaco 

Railroad  Lubricants 

and  Systematic 

Engineering 

Service 

(texaco) 

New  York  •  Atlanta  •  Chicago  •  Minneapolis  •  St.  Louis  •  San  Francisco 
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Channeloc 

works 

harder, 

longer. 


Talk  re-application  and  you're  bound  to  talk  Channeloc! 
For  test  after  test  has  proved  its  comparative  superi- 
ority in  maintaining  the  needed  reserve  strength  for 
time  after  time  reusage.  Not  that  plenty  more  can't 
he  said  about  Channeloc  holding  power,  its  ability  to 
do  the  job  without  rail  damage  during  application  or 
•  •  while  in  service. 


and  so  do  we! 


I  RUE  /EM PER. 


*'fv«»  COWAr* 


Channeloc  works  harder,  longer.  And  so  do  the 
track  maintenance  experts  of  our  Railway  Divi- 
sion field  service  team.  More  often  than  not 
you'll  see  them  present  when  Channclocs  arc 
installed  and  they  make  repeated  chicks  to 
advise  railroad  personnel  of  any  unusual  con- 
dition affecting  the  service  life  of  the  anchors. 

Very  practical  reasons  why  more  welded  rail 
is  restrained  by  True  Temper  Channeloc  rail 
anchors  than  by  any  rail  anchor  on  the  market. 

In  addition  to  Channeloc,  True  Temper  has  a 
new  concrete  rail  tie  clip  —  the  Cliploc"  —  now 
in  successful  service  on  several  major  railroads. 
Find  out  more  about  how  Cliploc  will  solve  your 
concrete  tie  installation  problems! 
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THE  DOUBLE  U  RAIL  ANCHOR 

ACHUFF  RAILWAY  SUPPLY  CO. 
ST.  LOUIS,  MO. 


<a0jp> 

Du-Wel  Steel  Products  Co. 

RAILWAY  EXCHANGE   BUILDING 

TELEPHONE  HARRISON  7-8257 

Chicago  60604 

BOUTET  Process 

(IN-TRACK) 

Rail   Welding 
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Subox®  covers  in  one  coat,  goes 
on  over  old  surfaces,  lasts 
indefinitely,  prevents  corrosion 
from  above  and  beneath  and  it 
won't  crack  or  peel.  It  even  pro- 
vides an  excellent  surface  for 
repainting  years  from  now. 

You  can  count  on  it  with  a  Subox 
system,  from  BASF  Wyandotte. 
We  provide  practical  on-the- 
site  help  in  surface  preparation 
learned  in  our  many  years  of 
experience  in  metal  cleaning 
and  treatment.  Plus  the  applica- 
tion techniques  needed  for  your 


particular  considerations. 

Let  us  convince  you  with  the 
proof  —  some  of  the  most  inter- 
esting case  histories  you'll  ever 
see.  Our  BASF  Wyandotte  Subox 
coating  representatives  are  itch- 
ing to  show  them  to  you. 

Don't  settle  for  less  than  Subox 
coatings.  Send  the  coupon  today! 


BASF  Wyandotte  Corporation 
Wyandotte,  Michigan  48192 


Our  Subox  one-coat 

anti-corrosive  coating 

system  really  works 

(send  coupon  for  proof!) 


BASF  Wyandotte  Corporation 
Chemical  Specialties  Division 
Railroad  Sales  Department 
Wyandotte,  Michigan  48192 

Gentlemen: 

O.K.   Prove   it!    I'd   like  to   see   your   case   histories   on   Subox   system 

applications. 

Name 


Company 

Add  ress 

City State. 


-Zip. 
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EXPERIENCED  SPECIALISTS 

IN  THE  REPAIRS  OF 

RAILROAD  STRUCTURES 


....... -...^-  .  jj  S|  .  I  CORPORATION 

urzilto 


FOUNDATIONS,  UNDERPINNING  AND  INVESTIGATIONS 
AUGERCAST™  Piles  (U.  S.  patent  protected) 

•  For  new  foundations  and  underpinning 

(placed  without  vibration) 

•  Cutoff  walls  —  Low-headroom  piles 

•  Tie  Backs  —  Tension  Pile  and  Anchors 

PRESSURE  GROUTING 

•  Arresting  settlement  of  structures 

•  Cutoff  curtains  —  Bearing  treatment 

•  Consolidation  of  loose  materials  —  Soil  stabilization 

•  Mine  shaft  grouting 

•  BAGPIPEtm  Grout  Method  (U.  S.  patent  protected) 

•  Cement  base  grouting 

•  Chemical  grouting  ("FIRM-UP")'m 


CONCRETE  AND  MASONRY  STRUCTURAL  REPAIRS 

•  Bridges,  dams,  powerplants,  drydocks 

•  Complete  modernization  dams  and  power  house* 

•  Scour  repairs  —  Cofferdam  seals 

•  Stone  masonry  &  concrete  repairs 

•  Industrial  maintenance  —  Tunnel  lining  repairs 

•  Repairs  to  precast  and  driven  concrete  piles 

•  Encasement  of  wood  and  steel  piles 

PREPLACED  AGGREGATE  CONCRETE 

•  Cofferdam  seals 

•  Encasement  of  scroll  cases 

•  High  density  concrete  for  shielding 

•  Concrete  and  masonry  structural  repairs 

•  Underwater  concrete  —  Diving  inspections 


9329  RIVERVIEW   ROAD 


CLEVELAND,  OHIO  44141     .    TELEPHONE  216/526-4391 

JACKSONVILLE  •  MINNEAPOLIS  •    MEMPHIS 


ATLANTA  •   BALTIMORE  •   CHICAGO-    DETROIT  •   FT.  LAUDERDALE  •    HOUSTON 

OMAHA*  SEATTLE 
AFFILIATES:   LEE  TURZILLO  CONTRACTING  CO.  •  AUGERCAST  PILE  &  FOUNDATION  COMPANY 


ESCO 

To  the  Railroads 
What  18  Carat  Is  to  Gold 


JIM  DICKEY 
TOM  GEHR 
TOM  KENNEDY 


St.  L 


OUIS 


Chi 


cago 


Philadelphia 
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TIE  HANDLER  from  RTW... 


with  24-foot-reach 
articulating  boom! 

Lifting  capacity -1500  lbs.  at  126"  to 
750  lbs.  fully  extended. 


•  New  rotating  deck  design 
...no  adjustments  needed 

•  Thermostatic  controlled 
oil  temperature  in 
hydraulic  circuit 


•  Low  maintenance 

•  Hydrodynamic  plus 
mechanical  brakes, 
on  all  four  wheels 


Many  other  features  for  high  production,  low  maintenance.  Choice  of  two 
other  tubular-type  booms  (all  interchangeable):  Fixed  24-ft..  and  manually 
adjustable  18-24-ft.  From  RTW,  the  people  with  the  longest  experience  in 
tie  handling.  Get  full  details  today.  Call  (215)  739-4281. 


RTW 


OTHEH  ITW  MilNTEIUnCE  EQUIPMENT  -  Saitch  Mm  •  Criii  M0M*MM  Crlrirri  -  Ij.I  Df.ll«  -  T.r  Miaalert 

RAILWAY  TRACK-WORK  CO.  3207  Ken.ington  av»..  Philadelphia,  p..  19134  •  *mmm  cw«i« 

—  Collins    Equipment    Co.    •    Houston  —  Service    Equipment    &    Supply    Company    ■    Lot    Ang.l.%  — 
Simkinj   Company   ■    Louisville  -  T.    F    Going   •   Omaha  -  Oodge   tngmeenng  Company   •    St.   Loula 

-  R    E.  Ball  £0    •   " 


Canada:   Montreal  -  Woodmgs  Canada  Ltd. 


upeg  —  Harvey  Equipment  Co. 


Ml  MB  I  R 

RRI 
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New-Universal 
Track  Machine 

maintains  track  right-of-way  faster, 
better  than  any  other  method 

This  new  concept  in  railway  maintenance  equipment  is  designed 
to  perform  all  functions  simultaneously  in  a  single-pass  operation 
to  provide  the  ultimate  in  railway  track  drainage  efficiency. 

It  is  the  only  equipment  available  that  performs  maintenance 
coupled  with  the  ability  to  utilize  highway  crossings  for  quick  track 
clearance  and  fast  movement  from  job  to  job. 

The  UTM,  with  a  single  operator  and  3-mph  production  rate, 
destroys  shoulder  and  tow  path  weed  growth  and  eliminates  mud 
pockets. 

The  "plus"  feature  of  this  machine  is  its  ability  to  move  quickly 
from  track  to  highway  operation.  It  can  be  removed  from  the  track 
in  15  to  20  seconds  and  placed  back  on  track  in  less  than  a  minute. 
Result:  More  "on-track"  work  time! 

The  Universal  Track  Machine  is  available  on  lease,  sale,  or  service 
contract  basis.  For  additional  information,  write  or  telephone: 

RAILWAY  PRODUCTS  CO. 
A  DIVISION  OF  THEMARMON  GROUP.  INC. 

P.O.  Box  1511.  Knoxvill*.  Term.  37901 
615  525-6224 


ill 
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KEEPING  TRACK 
IS  OUR  BUSINESS! 


•  RAIL  WELDING 
SYSTEMS 

WELDED  RAIL  LAYING 
SYSTEM 

•  WELDED  RAIL  TRANSPORT 

•  ORGOTHERM  INC.  SALES 


•  ABRASIVE  RAIL 
CUTTER 

•  6-HOLE  RAIL  DRILL 


STRUCTURAL 
CLEARANCE  RECORDERS 


©1969  CHEMETRON  CORPORATION 


CHEMETRON  CORPORATION 
RAILWAY  PRODUCTS  DIVISION 


2  NORTH  RIVERSIDE  PLAZA,  CHICAGO,  ILLINOIS  60606 


CHEMETRON/ 


TRADEMARK 
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Upgrading  Timber  Bridges? 


% 


can  help  your  timber  bridges 

carry  heavier  loads 

and  last  longer  with  minimum  repair 

This  professional  Osmose  team  is  cruising  one  of  202  timber  bridges  on  a 
subdivision  of  a  major  U.S.  Railroad.  On  completion,  specific  recommenda- 
tions were  given  the  chief  engineer  to  treat,  defer  or  replace,  backed  up  by 
detailed  boring  records.  This  is  one  more  way  Osmose  assures  you  that 

maintenance  dollars  are  spent  where  needed  most.. 

without  cost  or  obligation  to  your  company. 


OSMOSE      RAILROAD  DIVISION 


98  0  ELLICOTT  STREET  /  BUFFALO,  N.Y.  1420  9 


Advertisement 
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M  &  S  No.  561   GREASE  TYPE  LUBRICATOR 

OVER   1800   IN   SERVICE 


The  M  &  S  No.  561    Grease  Type  Lubricator 

is  simple  in  design,  durable  in  construction 
and  efficient  in  operation.  It  was  designed, 
developed  and  tested  to  meet  modern  rail- 
road conditions  where  maintenance  costs  on 
equipment  of  this  nature  must  be  held  to  an 
absolute    minimum. 

This  Grease  Type  Lubricator  was  designed 
and  developed  by  Moore  &  Steele  Corpora- 
tion, a  company  which  has  been  actively 
engaged  in  developing  and  manufacturing 
rail  and  flange  lubricators  since  1932.  The 
M  &  S  No.  561  Grease  Type  Lubricator  in- 
corporates the  time  and  service  tested  prin- 
ciples developed  during  40  years  experience 
in    the  field   of   rail   lubrication. 

ALSO  MADE  IN  DOUBLE  RAIL  MODEL 


MOORE  AND  STEELE  CORPORATION 

OWEGO,  TIOGA  COUNTY,  N.  Y.   13827 
U.S.A. 
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TE1EWELD 


INC- 


Rail  Maintenance  Service 

Rail  End  Welding 
Rail  End  Hardening 
CWR  Joint  Normalizing 
Frog  and  Switch  Welding 


MEMBER 

RRI 


RAILWAY 
PROOHCSS 
INSTITUTE 


Rail  Maintenance  Equipment 

Custom  Manufacturing  and  Fabrication 

Joint  Bar  Shims 

Rail  Anchor  Shims 

Rail  End  and  Frog  and  Switch 

Welding  and  Grinding  Machines 
CWR  Heating  and  Cooling  Equipment 
Rail  Flaw  Testing  Equipment 
Telebrineller  Portable  Hardness  Tester 


SONIRAIL  MT:   Rail   Flaw   Detector 


TELEWELD  INC.,  416  NORTH  PARK  ST.,  STREATOR,  ILL.  61364 

Write  for  details  of  the  TELEWELD  process  for  restoring  rail  ends. 
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Committee 


( E )    Member  Emeritus. 

Those   whose   names   are   shown   in  boldface,   in  addition  to  the  chairman,  vice  chairman  and 
secretary,    are   the    subcommittee   chairmen. 


To  the  American  Railway  Engineering  Association: 
Your  committee  reports  on  the  following  subjects: 

B.  Revision  of  Manual. 

No  Manual  revisions  are  recommended  this  year.  Work  will  continue 
on  a  review  of  pages  9-1-2  to  9-1-11. 

1.  Roadbed   stabilization   for  highway-railway   grade   crossings. 

Progress  report  on  an  example  of  stabilization  submitted  as  information  page  186 

2.  Merits  and  economics  of  prefabricated  types  of  highway-railway  grade 
crossings. 

No  report  is  submitted  for  publication  this  year.  Work  is  continuing  on 
a  study  of  experience  to  date  with  prefabricated  rubber  crossings. 

3.  Merits  of  various  types  of  highway-railway  grade  crossing  protection. 
Additional  reports  on  various  publications  and  papers  related  to  this 
assignment  submitted  as  information  page  187 

4.  Merits   and   economics   of   marking   and   signing   grade   crossings. 

Progress  report  submitted  as  information   page  191 

5.  Study  of  motor  vehicle  codes  and  drivers'  licensing  practice. 
Progress  report  on  study  of  driver  education  manuals  submitted  as  in- 
formation     page  194 

185 
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6.  Air  rights  for  highways  over  railroad  property. 

Progress   report   on    a   Highway   Research   Board   project   submitted   as 
information   page  196 

7.  Conduct  study  with  a  view  toward  developing  alternate  types  of  auto- 
matic crossing  protection,  collaborating  with  Communication  and  Signal 
Section,  AAR. 

Progress  report  on  new  types  of  protection  submitted  as  information  .  .   page  196 

8.  Investigate  uses  and  types  of  rumble  strips  and  their  adaptability  for 
approaches  to  highway-railway  grade  crossings. 

Progress  report  on  rumble  strip  installation  submitted  as  information  .  .    page  198 

The  Committee  on  Highways, 

K.  E.  Wyckoff,  Chairnwn. 


Report  on   Assignment   1 

Roadbed  Stabilization  for  Highway-Railway 
Grade  Crossings 

C  L.  Holman  (chairman,  subcommittee),  J.  M.  Bates,  A.  L.  Carpenter,  L.  T. 
Cerny,  C.  A.  Christensen,  J.  W.  Cruikshank,  V.  G.  Donlin,  W.  E.  Free, 
D.  P.  Insana,  A.  J.  Knorloch,  T.  D.  Livingston,  J.  C.  Miller,  D.  G.  New- 
nan,  J.  E.  Reynolds,  P.  A.  Shuster,  C.  W.  Smith,  W.  S.  Titlow,  Jr., 
K.  E.  Wyckoff 

The  subcommittee  has  nothing  new  to  report  on  the  actual  stabilization  of  the 
roadbed  of  highway-railway  grade  crossings.  However,  a  possible  means  of  mini- 
mizing the  need  for  special  stabilization  under  grade  crossings  has  been  noted  from 
experience  at  a  crossing  of  the  Atchison,  Topeka  &  Santa  Fe  Railway. 

Stabilization  of  railway-highway  crossings  requires  minimization  of  the  strength- 
decreasing  effects  of  moisture  in  the  subgrade  and  ballast  section.  The  moisture 
enters  the  crossing  area  from  the  roadway  surface  or  from  the  subsurface  of  the 
roadbed.  In  order  to  minimize  moisture  in  the  subgrade  and  ballast  section,  it  must 
be  prevented  from  entering  the  crossing  area  or  provide  for  rapid  evaporation  or 
drainage. 

The  Santa  Fe  operates  two  parallel  main  tracks  between  Chicago  and 
Ft.  Madison,  Iowa.  Illinois  State  Route  179  crosses  these  two  main  tracks  10.6 
miles  west  of  Streator,  111.,  near  the  station  of  Leeds.  The  angle  of  intersection  is 
approximately  90  deg  between  the  highway  and  railroad  tracks.  The  railroad  is 
constructed  on  a  2-ft  embankment  with  a  grade  of  0.40%  descending  westward  and 
is  tangent  for  a  distance  of  3.7  miles  east  and  13.7  miles  west.  The  highway  is 
tangent  north  and  south  of  the  tracks.  The  maximum  authorized  train  speed  is  79 
mph  for  passenger  trains  and  70  mph  for  freight  trains  in  each  direction.  The 
posted  highway  speed  is  65  mph  in  each  direction. 

In  December  1952,  the  railroad  installed  an  open  metal  grate  crossing  in  the 
westbound  or  north  track.  The  rail  was  112-lb,  39-ft  lengdis  laid  on  tie-plated 
9-ft  timber  cross  ties.  The  ballast  section  is  slag  ballast  extending  8  inches  below 
the  bottom  of  the  cross  ties.  The  track  was  resurfaced  prior  to  installation  of  the 
metal  crossing. 
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The  eastbound  or  south  track  consisted  of  132-lb  rail,  39-ft  lengths,  laid  new 
in  1948,  on  fully  tie-plated  9-ft  timber  cross  ties.  The  ballast  section  is  slag  bal- 
last extending  to  a  depth  of  8  inches  below  the  bottom  of  the  tie.  The  track  was 
resurfaced  following  the  rail  delay  in  1948  and  a  new  prefabricated  full-depth 
timber  crossing  was  installed. 

Maintenance  records  have  been  maintained  on  these  two  types  of  crossings. 
From  1952  to  1956,  inch,  the  cost  to  clean  and  resurface  the  open  metal  grate 
crossing  was  $180.36  and  the  full  timber  crossing,  $577.07.  In  July  1957,  the 
112-lb  jointed  rail  in  the  westbound  track  was  relaid  with  136-lb  continuous  welded 
rail.  The  westbound  and  eastbound  tracks  were  raised  to  the  same  elevation  fol- 
lowing the  relay.  Since  that  date,  the  only  maintenance  cost  has  been  $17.01  to 
resurface   the  eastbound   track. 

When  repair  work  was  performed  on  the  two  tracks,  it  was  noted  that  the 
ballast  section  in  the  full  timber  crossing  contained  considerably  more  moisture 
than  in  the  open  metal  grate  crossing.  The  open  metal  grate  crossing  at  this  loca- 
tion permitted  rapid  evaporation  of  moisture  and  therefore  developed  a  more  stable 
crossing  area. 

This  report  is  submitted  as   information. 


Report  on   Assignment  3 

Merits  of  Various  Types  of  Highway-Railway 
Grade  Crossing  Protection 

H.  L.  Michael  (chairman,  subcommittee),  T.  H.  Kruttschnitt  (vice  chairman, 
subcommittee),  F.  N.  Barker,  W.  B.  Calder,  A.  L.  Carpenter,  C.  A.  Cmus- 
tensen,  V.  G.  Donlin,  W.  E.  Free,  C.  E.  Gilley,  C.  L.  Holman,  J.  A. 
Holmes,  P.  A.  Jefferis,  Jr.,  J.  M.  Lowry,  B.  A.  Mather,  B.  W.  Maui  r, 
J.  C.  Miller,  D.  G.  Newnan,  B.  D.  Pamperl,  H.  A.  Bicharos,  B.  E.  Skinm  r, 
J.  E.  Spangler,  W.  S.  Titlow,  Jr.,  W.  E.  Wehster,  Jr.,  J.  L.  Whttmeyer, 
H.  J.  Wilkins,  H.  L.  Woltman,  K.  E.  Wyckoff. 

INTRODUCTION 

As  in  each  of  the  past  several  years,  several  reports  and  developments  related 
to    the   assignment   of   this   subcommittee   have   been    released    during   the    past    year. 
The  subcommittee,   as   part   of   its  activities,   reviewed   these   reports  and   develop 
ments   and   herewith    submits   a   summary   of  important    information    relative   to   its 
assignment  from   eight   of   them. 

FEDERAL   LEGISLATION 

Two  important   actions   of   the  01st   Congress   relative   to   made  crossing    i 
Hon  were  enacted  in  late  1970.  The  first  ol  these  was  the  "Federal  Railroad  v 
Act  of   1970,"  approved   in   October    1070.  This   Act,  among  oiher  provis 
quires   that   a   studj    be  made  l>>    the  Secretarj   oi    [Yansportation  within 
"of  the  problem  of  eliminating  and  protecting   railroad   grade  crossings,  Lncl 
a  study  of  measures  to  protect  pedestrians  in  denselj    populated  an 
road  rights-of-waj ." 

The  second  Federal  Act  was  ill'    "Federal-Aid  Highwaj    \'  t  "I   1970."   Vmong 
provisions  ol   this  Ad  was     our  requiring  a  stud)   bj   th<    Secretarj   oi    [Van 
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tion  to  be  reported  by  July  1,  1972,  of  the  "cost  of  the  problem  of  providing  in- 
creased highway  safety  at  public  and  private  ground-level  rail-highway  crossings 
on  a  nationwide  basis  through  the  elimination  of  such  crossings  or  otherwise, 
including  specifically  high-speed  rail  operations  in  all  parts  of  the  country  .  .  .  ." 
Other  provisions  included  authorization  for  demonstration  projects  for  the  elimina- 
tion or  protection  of  public,  ground-level,  rail-highway  crossings  in  the  northeast 
corridor  (Washington,  D.  C.  to  Boston)  and  in  Greenwood,  S.  C.  Of  special  interest 
in  both  demonstration  projects  is  the  allocation  of  costs  of  the  demonstration  project: 
on  Federal-Aid  highways,  90%  Federal  and  10%  railroad;  on  non-Federal-Aid  high- 
ways, 80%  Federal,  10%  railroad  and  10%  State. 

To  satisfy  the  study  requirements  of  these  two  Acts  the  Federal  Railroad  Ad- 
ministration and  the  Federal  Highway  Administration  have  been  involved  during 
1971  in  expanded  research  and  development  activity  in  the  grade  crossing  protec- 
tion area. 

TRANSPORTATION    SYSTEMS    CENTER 

On  July  1,  1970,  the  Transportation  Systems  Center  was  formed  at  Cambridge, 
Mass.  Two  of  the  tasks  initially  assigned  to  it  by  the  Department  of  Transporta- 
tion under  FRA  sponsorship  have  as  a  goal  the  "development  and  implementation 
of  new  concepts  for  grade  crossing  protection,  making  use  of  any  relevant  areas 
of  modern  technology  to  bring  about  lower  cost,  greater  effectiveness  and  more 
widespread  installation."  Initially  this  has  consisted  of  exploration  of  the  feasibility 
of  various  applications  of  modem  (particularly  electronics)  technology  to  grade 
crossing  protection. 

Topics  under  study  include  the  use  of  a  low-power,  solid-state  micro-wave 
communication  link  between  the  train-sensing  point  and  the  crossing,  thus  eliminat- 
ing conventional  track-circuit  installations.  Other  topics  under  study  include  the 
use  of  crossing-located  radar  for  speed  and  presence  information  and  the  use  of 
very  bright  flashing  lights  or  revolving  beacons  on  locomotives.  The  latter  is  being 
investigated  for  use  in  providing  train  presence  information  and  as  illumination  to 
passive  warning  devices  at  the  crossing.  There  also  are  indications  in  reports  from 
the  Center  that  recognition  of  the  drawbacks  of  demanding  fail-safe  design  are 
understood  and  that  compromising  of  the  fail-safe  requirement  of  crossing  protec- 
tion may  be  desirable  in  the  interests  of  providing  more  widespread  protection. 

NCHRP   REPORT   NO.    50 

This  widely  used  and  referenced  report  titled  Factors  Influencing  Safety  at 
Highway-Rail  Grade  Crossings  by  Alan  M.  Voorhees  &  Associates  was  supple- 
mented during  the  year  by  a  three-page  listing  of  "Corrections,  Clarifications  and 
Additional  Research  Findings."  Users  of  the  report  should  include  use  of  a  copy 
of  this  supplement  as  some  significant  corrections,  clarifications  and  additional 
findings  are  presented.  Copies  of  the  supplement  are  available  from  the  Highway 
Research  Board,  2101  Constitution  Avenue,  Washington,  D.C.  20418. 

PROCEEDINGS,    1970    NATIONAL    CONFERENCE    ON    RAILROAD-HIGHWAY 
GRADE    CROSSING    SAFETY 

The  Proceedings  of  the  1970  National  Conference  held  at  Georgia  Institute  of 
Technology,   Atlanta,    Ga.,    in   August    1970,   is   available   from   the   National   Safety 
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Council,  425  North  Michigan  Avenue,  Chicago,  111.  60611.  The  138-page  report 
contains  informational  and  program  guidelines  for  reducing  railroad-highway  grade 
crossing  accidents  and  their  resultant  losses.  Representatives  of  both  rail  and 
highway  interests  present  their  views  of  "Exempt  Crossings  and  Mandatory  Stops", 
"Financing  of  Improvements  at  Rail-Highway  Grade  Crossings",  "Federal  Govern- 
ment Activity  in  Rail-Highway  Grade  Crossing  Safety"  and  "Critique  of  the  Five- 
Year  Program  for  Rail-Highway  Grade  Crossing  Improvement."  Information  and 
materials  for  establishing  diagnostic  teams  for  evaluation  of  crossings  are  also 
included. 

DRIVER   ATTITUDES    TOWARD    HAZARD    AT    RAILROAD-HIGHWAY    CROSSINGS 

A  research  report  titled  Driver  Information  Systems  for  Highway-Railway 
Grade  Crossings  by  Thomas  Urbanik  II,  Joint  Highway  Research  Project,  Purdue 
University,  Report  No.  11,  July  1971,  reports  the  findings  of  an  attitudinal  survey 
of  drivers  on  their  rating  of  the  hazard  at  railroad-highway  grade  crossings  and 
their  economic  priorities  for  improving  grade  crossing  safety  relative  to  eight  other 
highway  improvements  of  approximately  the  same  cost.  The  259  respondents  in 
the  survey,  when  shown  photographs  of  six  common  highway  hazards,  rated  the 
railroad  grade  crossing  as  more  hazardous  than  an  unsigned  crossroad,  a  yield 
intersection,  a  stop  intersection,  a  signalized  intersection  or  a  curve.  On  an  abso- 
lute hazard  basis,  however,  the  respondents  felt  that  none  of  these  were  very 
hazardous. 

The  same  respondents,  when  asked  to  rank  by  importance  eight  possible 
highway  improvements  which  might  be  made  with  available  funds,  placed  im- 
provement of  the  road  surface  of  major  highways  and  improvement  of  warning 
devices  at  railroad  grade  crossings  as  almost  equally  most  important  of  the  eight. 
Close  behind  was  improved  maintenance  of  painted  lines  on  the  roadway.  The  im- 
provement of  directional  signing  and  provision  of  emergency  telephone  sen  ice  were 
next  ranked  relatively  important.  The  installation  of  more  traffic  signals  ranked 
sixth  among  the  eight  rated  improvements  while  improvement  of  roadside  rest  areas 
and  provision  for  mowing  grass  along  roadsides  followed  and  were  given  relatively 
low  importance  ratings. 

Other  attitudinal  research  included  in  this  report  deals  widi  an  evaluation  of 
possible  new  advance  warning  systems  which  would  be  train  actuated  and  the 
nature  of  displays  that  might  be  used  in  changeable  message  signs  to  warn  drivers 
in  advance  of  an  approaching  grade  crossing. 

RAILROAD-HIGHWAY    GRADE   CROSSING    SAFETY    RESEARCH    IN   TEXAS 

The  Texas  Transportation  Institute  and  the  Texas  Highway  Department  in 
cooperation  with  the  Federal  Highway  Administration  haw  published  a  research 
report  tided  Statistical  and  Economic  Aspects  "/  Rail-Highway  Grad*  Crossing 
Safety  Improvement  Programs  in  Texas  1>>  Hoj  A.  Richards  and  lack  l\  Lamltin, 
Texas  Transportation  Institute.  Texas  A  &  M  University,  College  Station.  Texas, 
November  1970. 

Texas   has    approximately    14,000   sites   at    which    railroads    Intersect    public   loads 

and  streets.   Among   these  some  800  rail-highway  grade  crossing  accidents 
annually.   The   accidents   result    in   approximatelj    100  deaths   and   300   injui 

motorists  on  Texas  public   mads  each  year. 
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In  order  to  reduce  the  number  of  accidents  that  occur  at  rail-highway  inter- 
sections, new  and  improved  warning  devices  at  the  current  train  crossbuck  installa- 
tions in  Texas  would  require  an  initial  investment  in  excess  of  $120,000,000.  In 
addition,  the  estimated  annual  maintenance  outlay  would  exceed  $11,000,000. 
Grade  separation  is  considered  to  be  the  only  sure  way  to  eliminate  grade  crossing 
accidents.  Based  upon  the  national  average  of  $367,000  per  crossing,  it  would 
require  approximately  4.5  billion  dollars  to  separate  all  grade  crossings  in  Texas. 
This  sum  represents  three  times  the  total  book  value  of  all  railroad  property  in  the 
State. 

A  procedure  for  establishing  priorities  for  grade  crossing  safety  improvement 
decisions  is  presented.  It  provides  a  framework  for  the  construction  of  a  ranking 
system  or  priority  index  for  traffic  intersections  according  to  their  relative  attractive- 
ness as  investment  alternatives.  Given  this  framework  and  the  rationale  implicit 
within  it,  those  charged  with  implementation  of  a  safety  program  may  make  those 
changes  which  best  suit  their  purposes. 

EXEMPT   CROSSINGS 

A  subcommittee  of  the  National  Committee  on  Uniform  Traffic  Laws  and 
Ordinances  has  recommended  that  the  provisions  of  the  Uniform  Vehicle  Code  be 
revised  as  to  stops  required  by  certain  vehicles  at  railroad  crossings  to  bring  them 
in  line  with  regulations  of  the  Bureau  of  Motor  Carrier  Safety  of  the  Department 
of  Transportation.  The  recommended  revision  in  effect  will  require  certain  vehicles 
to  stop  at  all  grade  crossings  except  when  a  flagman  is  present,  when  traffic  is 
controlled  by  a  traffic-control  signal,  when  the  crossing  is  protected  by  flashing 
lights,  or  when  an  official  sign  gives  notice  that  the  stop  is  not  required  (exempt 
crossing).  The  vehicles  required  to  stop  are  to  be  named  by  the  appropriate  State 
official  or  agency.  The  same  official  agency  under  the  proposed  draft  of  the  new 
Code  provision  would  have  the  authority  to  exempt  any  crossing. 

The  official  traffic-control  device  required  at  an  exempt  crossing  has  been  re- 
ferred to  the  National  Joint  Committee  on  Uniform  Traffic  Control  Devices  for 
possible  development  of  a  uniform  sign  to  be  included  in  the  Manual  on  Uniform 
Traffic  Control  Devices. 

MANUAL   ON    UNIFORM   TRAFFIC    CONTROL   DEVICES 

A  revised  Manual  on  Uniform  Traffic  Control  Devices  has  been  completed  and 
will  be  available  from  the  Superintendent  of  Documents,  Washington,  D.C.  after 
November  1,  1971.  The  revised  Manual  replaces  a  1961  edition  and  has  been 
designated  as  the  Federal  Safety  Standard  in  the  traffic  control  device  area  by  the 
Federal  Highway  Administrator  under  authority  of  the  Highway  Safety  Act  of  1966. 

The  provisions  of  the  Manual  relative  to  railroad-highway  grade  crossings  are 
very  similar  to  those  of  the  1961  edition.  The  requirements  relative  to  the  CROSS- 
BUCK  and  the  RAILROAD  CROSSING  advance  warning  sign  are  unchanged. 
The  use  of  pavement  markings  in  advance  of  a  grade  crossing  has  been  modified 
to  state  that  they  should  be  on  all  paved  approaches  and  shall  be  on  all  ap- 
proaches where  flashing  lights  and/or  gates  are  located  and  at  all  others  where 
prevailing  speed  is  40  mph  or  greater.  A  section  on  traffic  signals  near  grade  cross- 
ings is  also  unchanged  in  content  from  the  1961  edition. 

STOP  signs  are  no  longer  included  as  specifically  warranted  at  railroad  cross- 
ings but  a  provision  is  included  which  would  permit  their  use  at  rail  crossings  if  a 
combination  of  high  traffic  speed,  restricted  view  and  serious  accident  record  exists. 
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The  m-w  Manual  also  requires  that  any  device  supports  be  as  far  as  practicable 
from  the  edge  or"  the  travelled  way,  that  any  eonerete  base  be  no  more  than  I 
inches  above  ground  level  and  that  breakaway  support  design  or  guard  rail  he 
utilized.  In  urban  areas  where  curbs  are  present  a  minimum  2-ft  clearance  must 
be  maintained  between  any  roadside  obstruction  and  the  edge  of  the  travelled  way. 
Finally,  gate  arms  are  to  be  red-and-white  striped  and  reflector i zed. 

Major  changes  in  the  new  Manual  from  the  1961  edition  include  changes  in  the 
colors  of  the  YIELD  sign,  a  new  pennant-shaped  NO-PASSIXC  sign  for  the  left 
of  the  roadway,  a  new  shape  for  SCHOOL  signs,  a  new  color  (orange)  for  all 
maintenance  and  construction  signing,  a  new  color  (brown)  for  recreational  signs, 
a  new  DO  NOT  ENTER  symbol  sign,  greater  use  of  symbols  in  all  signing,  in- 
creased use  of  lane  control  signals  with  red,  yellow  and  green  arrows,  and  a  change 
from  a  white-dashed  center  line  to  use  of  yellow  to  mean  traffic  is  travelling  in  both 
directions  on  this  roadway. 

The  Federal  Highway  Administrator  is  planning  to  issue  a  time  schedule  over 
which  the  changes  are  to  be  made  in  currently  installed  traffic  control  devices.  This 
time  will  vary  from  one  to  several  years  after  January  1,  1972,  depending  on  the 
need  for  safety  reasons  to  effect  a  quick  or  a  more  gradual  changeover. 

CONCLUSION 

Committee  9 — Highways,  has  submitted  a  request  that  the  titles  of  three  of  tis 
assignments  be  revised  after  October  1971  to  clarify  the  specific  areas  of  concern 
of  the  three  subcommittees.  The  requested  title  for  Subcommittee  3  is  "Summary 
Reporting  of  Significant  Publications  on  Grade  Crossing  Safety."  This  has  been  the 
major  activity  of  the  subcommittee  in  recent  years  and  it  is  recommended  that  this 
activity  continue.  The  merits  of  the  various  types  of  grade  crossing  protection 
and  developments  in  non-train-actuated  and  train-actuated  devices  are  being  ade- 
quately covered  by  Subcommittees  4  and  7,  respectively.  [The  title  changes  re- 
quested were  approved  by  the  Board  of  Direction  at  its  meeting  on  November  2, 
1971.] 


Report   on   Assignment  4 

Merits  and   Economics  of  Marking  and   Signing 
Grade  Crossings 

J.  M.  I.dwiiv  (chairman,  subcommittee),  II.  T.  Babnes,  W.  A.  Buckmaster,  C  \ 
Christensen,  F.  Daughehty,  L.  L.  Ceohge,  J.  A.  Holmes,  D.  I'  Insana, 
I'.  C  Jeffems,  A.  J.  Knobloch,  R.  I'.  MacDonald,  R.  V)  Maueb  R.  L.  Mays, 
ll.   \.  Richards,  R.  F.  Spars,  S.  C.  Walked    \\    I     Webster,  In.  I    I     Whit- 

MKYKR,    H.   J.    WlLKINS,    H.   L.   WOLTMW       k.    E.    WY<  mm  I 

Increased  interest  in  made  crossing  protection  1>>   governmental  bodies  working 
with  the  railroads  has  started  several  studies  and  experiments  to  determine  the  mosl 
effective  and  economical  means  to  protect  the  traveling  public.  One  <>t  the  el.  ■ 
of   these   studies    is   fixed    signs   and    markings    to   warn   approaching    road    traffic 
of  the  imminence  of  a  railroad  crossing,  increased  interest  is  being  shown  In  advance 
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Ha  II 


TYPE    TV 

ADVANCE   WARNING    SIGN 


warning  signs  and  markings  to  get  the  motorist's  attention  early  enough  for  him  to 
react  properly. 

The  Texas  Highway  Department,  collaborating  with  the  Department  of  Trans- 
portation and  several  western  railroads,  has  formed  a  Railway-Highway  Grade 
Crossing  Diagnostic  Team  to  install  and  study  various  advance  warning  signs,  sig- 
nals and  markings.  The  Diagnostic  Team  is  unique  and  provides  a  cross  section  of 
experienced  railroad  and  highway  engineers  to  consider  and  analyze  new  approaches 
to  grade  crossing  safety. 
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L93 


TYPE  "D"  (MOD) 

ADVANCE    WARNING    SIGN 


Fourteen   crossings  have  been  selected   in  the  State  of  Texas   for   which   new 
advance  warning  signs  will  be  installed  and  analyzed  for  effectiveness.  Various 
and  signals  have  already  been  installed  at  si\  of  the  crossings  with  the  remainder 
to  be  completed  in  the  near  future. 

A  Diagonstic  Team   inspection  was  made  of  tour  of  tl mpleted  en 

in   May   1971   to  determine  the  effectiveness  of  installations  in  both  day  and  night 
observations    and    to   offer    suggestions    for   further    refinements 
sketches  show  two  t> pes  ot  advance  warning  signs  installed.  Several 
under  consideration. 

Of   particular    interest    is    the    laet    that    not    one    hut    tWO   advani 

have  been  provided  in  addition  to  the  existing  protection  at  tb 

example.    pa\einent    markers    with    i <  II-  etori/ed    t r.iffi.     buttOIU    innnedi.it.  1; 
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a  reflectorized  Type  "A"  sign.  A  Type  "D"  modified  sign  with  amber  flashing  sig- 
nals activated  by  trains  has  been  placed  between  the  "A"  sign  and  the  existing  rail- 
road protection.  Spacing  of  these  signs  varies  according  to  the  speed  of  vehicular 
traffic  and  distances  are  determined  by  a  combination  of  reaction  time  and  stopping 
distance. 

This  study  is  in  its  preliminary  stages  and  it  will  probably  be  several  years 
before  the  program  can  be  fully  evaluated.  The  findings  of  the  Diagnostic  Team 
should  be  of  great  interest  to  the  railroad  industry. 

Highway  authorities  in  Canada  are  experimenting  with  grade  crossing  signs 
without  lettering,  using  instead  the  shape  of  the  sign  to  convey  a  meaning.  This 
idea  is  of  particular  interest  in  Canada  and  especially  in  Quebec  Province  since  the 
law  requires  that  words  be  printed  in  French  as  well  as  English,  which  produces  a 
cluttered  sign  and  often  confusion.  One  symbol  crossbuck  sign  has  been  installed  as 
a  test  on  the  Canadian  Pacific. 

The  Railroad  Association  of  Canada  has  formed  an  ad  hoc  committee  to  study 
the  situation  and  recommend  a  suitable  sign.  The  sign  being  considered  is  a  black- 
bordered  yellow  reflectorized  crossbuck  with  4-ft  blades  and  90°  configuration. 

This  report  is  a  general  summary  of  the  progress  that  has  been  made  in  sign- 
ing and  marking  grade  crossings  since  the  last  subcommittee  report.  It  is  submitted 
as  information  with  the  recommendation  that  the  assignment  be  continued. 

Report  on   Assignment  5 

Study  of  Motor  Vehicle  Codes  and  Drivers' 
Licensing  Practices 

P.  A.  Shuster  (chairman,  subcommittee),  F.  N.  Barker,  H.  T.  Barnes,  J.  M.  Bates, 
W.  B.  Calder,  A.  L.  Carpenter,  C.  A.  Christensen,  Wm.  J.  Hedley,  R.  A. 
Mather,  R.  F.  MacDonald,  R.  L.  Mays,  C.  W.  Smith,  J.  E.  Spangler,  R.  F. 
Spars,  S.  C.  Walker.  W.  E.  Webster,  J.  L.  Whitmeyer,  H.  J.  Wilkins,  M.  A. 

WOHLSCHLAEGER,    H.    L.    WOLTMAN,    K.    E.    WYCKOFF. 

Each  year  nearly  1,500  persons  lose  their  lives  in  highway-railroad  grade  cross- 
ing accidents  in  the  United  States.  Percentage-wise,  this  figure  represents  only  about 
3%  of  the  total  annual  highway  deaths  but  it  is  still  a  tragically  large  figure.  The 
railroad  industry  and  highway  authorities  are  constantly  searching  for  methods  to 
better  protect  the  grade  crossings  in  order  to  reduce  the  hazards  and  accidents  at 
these  intersections.  It  has  been  suggested  that  one  method  to  be  used  is  better  edu- 
cation of  the  highway  driver  to  make  him  more  aware  of  this  problem,  and  this 
subcommittee  attempts  to  determine  how  well  the  drivers  are  being  educated  in 
this  respect  at  the  present  time. 

To  accomplish  this,  we  obtained  copies  of  driver  education  manuals  from  all 
50  states  to  see  what  information  the  new  driver  is  being  given  with  respect  to  rail- 
road crossings.  An  analysis  of  these  manuals  for  the  various  standard  grade  crossing 
protection  items  is  as  follows: 

1.    Advance    Warning    Signs 

This  item  receives  better  coverage  than  most,  as  49  states  picture  this  sign 
and  tell  the  driver  what  it  means;  however,  only  about  half  of  them  follow  up  by 
telling  the  driver  what  to  do,  such  as,  "slow  down,"  "look  both  ways,"  etc. 
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2.  Crossbuck    Signs 

Only  27  states  show  a  picture  of  this  most  basic  grade  crossing  protection 
device;  5  others  discuss  it  without  picturing  it.  Most  of  the  states  showing  pictutt  - 
merely  state  that  the  crossbuck  sign  marks  a  railroad  crossing  and  fail  to  give 
follow-up  instructions  to  the  driver. 

3.  Flashing    Light    Signals 

Eleven  states  picture  this  device  in  their  manuals,  19  more  speak  of  them  in 
their  texts.  However,  46  states  cover  the  "stop  for  flashing  red  light"  feature  in 
general,  though  not  specifically  in  regards  to  grade  crossing  protection.  Evidently 
they  feel  this  coverage  is  adequate,  although  the  traveling  public  seemingly  has 
failed  to  associate  the  two. 

4.  Crossing    Gates 

Only  5  states  picture  the  railroad  crossing  gate;  20  more  discuss  the  item. 
Obviously  most  feel  that  the  driver  knows  he  should  stop  when  a  barrier  is  across 
his  path  of  travel.  Most  of  the  discussion  centers  about  the  fact  that  drivers  should 
not  bypass  lowered  gates. 

5.  Passing    at   Crossings 

Forty  states  instruct,  either  pictorially  or  in  the  text,  that  passing  in  the  imme- 
diate crossing  area  is  prohibited. 

Most  states  apparently  feel  that  the  amount  of  exposure  to  railroad  crossings  is 
very  small  in  comparison  to  the  exposure  to  other  driving  hazards  and  have  set  up 
their  driving  instruction  manuals  accordingly.  However,  nearly  every  crossing  acci- 
dent is  serious  in  nature,  with  a  high  fatality  rate,  and  the  subject  should  deserve 
a  greater  share  of  the  trainee's  attention.  The  past  practice  seems  to  have  been  to 
point  out  what  the  various  crossing  protection  devices  are,  then  leave  it  up  to  the 
driver  to  follow  his  own  course  of  action  upon  encountering  the  devices.  We  con- 
clude, therefore,  that  the  driver  tends  to  place  less  emphasis  upon  the  importance 
of  railroad  crossings  as  a  result. 

Several  positive  movements  have  recently  been  undertaken  to  rectify  this  situa- 
tion. The  State  of  Missouri  recently  attempted  to  enact  legislation  to  provide  for  a 
new,  improved  drivers  manual  and  training  course,  which  would  have  presented  the 
grade  crossing  problem  more  thoroughly. 

This  is  a  progress  report  submitted  as  information,  with  the  recommendation 
that  the  assignment  be  continued. 
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Report  on   Assignment  6 

Air  Rights  for  Highways  Over  Railroad  Property 

T.  P.  Cunningham  (chairman,  subcommittee),  H.  T.  Barnes,  J.  M.  Bates,  C.  A. 
Christensen,  F.  Daugherty,  R.  Dejaiffe,  V.  G.  Donlin,  L.  L.  George, 
J.  A.  Holmes,  D.  P.  Insana,  T.  H.  Kruttschnitt,  R.  L.  Mays,  J.  E.  Spangler, 
R.  F.  Spars,  C.  W.  Smith,  W.  E.  Webster,  J.  L.  Whitmeyer,  K.  E.  Wyckoff. 

Public  attention  is  increasingly  focusing  on  the  potential  of  the  problems  asso- 
ciated with  projected  air  space  developments.  The  use  of  air  space  over  or  under 
highways  gives  promise  as  a  major  means  of  fitting  highway  transportation  into  the 
urban  environment.  Because  difficulties  in  placing  a  proper  valuation  on  rights  in 
air  space  has  hampered  developments  in  some  areas,  the  Highway  Research  Board 
has  sponsored  a  Project  entitled,  "Valuation  of  Air  Space."  A  recent  progress  report 
indicates  that  information  is  being  developed  on  the  Illinois  Central  Railroad  right- 
of-way,  the  Penn  Central  right-of-way  in  Philadelphia  and  in  New  York,  the  Union 
Station  in  Chicago,  as  well  as  air-rights  projects  over  highways. 

This  project  should  provide  valuable  information  regarding  the  valuation  of 
air  rights  for  highway  and  railway  application. 

This  is  a  progress  report  submitted  as  information  with  the  recommendation 
that  the  subject  be  continued. 


Report  on  Assignment  7 

Conduct   Study   with   the   View   Toward    Developing 
Alternate  Types  of  Automatic  Crossing  Protection 

Collaborating   with    Communication   and   Signal   Section,  AAR 

C.  I.  Hartsell  (chairman,  subcommittee),  F.  N.  Barker,  H.  T.  Barnes,  W.  B.  Cal- 
der,  C.  A.  Christensen,  T.  P.  Cunningham,  V.  G.  Donlin,  W.  B.  Free,  C.  E. 
Gilley,  Wm.  J.  Hedley,  C.  L.  Holman,  P.  G.  Jefferis,  Jr.,  R.  A.  Mather, 
R.  F.  MacDonald,  H.  L.  Michael,  E.  S.  Miller,  J.  C.  Miller,  D.  G.  New- 
man, R.  D.  Pamperl,  J.  E.  Reynolds,  H.  A.  Richards,  J.  E.  Spangler,  R.  F. 
Spars,  R.  E.  Skinner,  W.  S.  Titlow,  Jr.,  H.  L.  Woltman,  K.  E.  Wyckoff. 

ROTATING    RED    LIGHT   WITH    WIGWAG    SIGNAL 

AREA  Bulletin  616,  November  1968,  page  126,  briefly  reported  on  an  experi- 
ment where  rotating  red  lights,  shielded  from  railroad  traffic,  operated  on  conjunction 
with  wigwag  signals. 

The  experiment,  conducted  at  two  grade  crossings,  has  been  concluded,  with 
the  California  Public  Utilities  Commission  stating  that  "the  test  installation  was  very 
promising,  particularly  during  the  hours  of  darkness  when  obedience  to  the  lights 
was  practically  unanimous  by  motorists." 

Generally,  traffic  engineers  oppose  the  use  of  rotating  red  lights  on  anything 
other  than  emergency  vehicles.  However,  in  these  test  installations  the  traffic  engi- 
neers were  impressed  when  they  understood  that  the  flashing  aspect  was  confined 
to  a  beam  directed  solely  to  the  highway  approaches  to  the  crossing.  Following  the 
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test   periods,    the    traffic   engineers    indicated    that    the    lights    furnished    improved 

warning  to  drivers  of   the  approach  of  trains  to  the  crossing. 

It  appears  that  the  rotating  red  light  shielded  from  railroad  traffic  offers  an 
attractive  and  economical  means  of  providing  additional  warning  to  vehicular  move- 
ments at  a  highway-railroad  grade  crossing. 

CHANGEABLE    MESSAGE    SIGNING 

Considerable  discussion  and  some  research  has  been  directed  in  recent  years 
tow  aril  developing  an  improved  method  of  grade  crossing  protection  for  high  volume 
highways.  Because  of  cost  and  financing  difficulties,  construction  of  separated  cross- 
ings is  not  always  possible,  and  because  of  the  high  volume  of  traffic  and/or  trains 
some  accidents  continue  to  occur  despite  the  use  of  standard  flashing  light  signals, 
sometimes  with  gates.  Recently,  considerable  use  has  been  made  on  high  volume 
highways  of  changeable  message  signing  to  inform  drivers  of  changing  conditions 
ahead,  such  as  congestion,  road  surface  conditions  and  even  changing  speed  limits. 
The  adaptation  of  such  signing  to  grade  crossings  on  such  facilities  has  quite 
naturally  developed. 

A  research  project  at  Purdue  University  is  developing  plans  for  the  installation 
of  over-the-roadway,  changeable-message,  advance  warning  signs  which  would 
inform  the  motorist  of  probable  conflict  with  trains  at  an  approaching  grade  crossing. 
A  portion  of  the  project  ahead)  completed  has  evaluated  the  type  of  messages 
which  drivers  believe  would  be  best.  An  attitudinal  survey  found  that  when  a  hazard 
exists  at  the  crossing,  the  message  TRACKS  BLOCKED— STOP  AHEAD  or  CROSS- 
ING BLOCKED — STOP  AHEAD  was  preferred  over  numerous  other  alternatives 
evaluated.  For  the  alternative  situation  where  no  hazard  exists,  the  message  CROSS- 
[NG  CLEAR  or  TRACKS  CLEAR  was  preferred.  In  each  case,  the  survey  disclosed 
the  desire  of  motorists  to  include  the  standard  highway  advance  warning  symbol 
of  a   railroad   crossing  with   the  words. 

The  same  research  also  queried  a  sample  of  259  motorists  on  their  rating  oi 
several  possible  advance  warning  systems  at  railroad  grade  crossings,  Changeable- 
inrss.i'ie  siimiim  was  rated  most  preferred  over  other  warning  methods  evaluated — 
an  in-car  visual  message,  an  in-car  audio  message,  standard  grade  crossing  flashing 
lights,  and  the  standard  passive  railroad  advance  warning  sign.  In  this  evaluation 
the  passive  advance  warning  sign  presently  used  was  rated  as  least  desirable  With  the 
two  in-car  methods   rated    less  desirable  than  standard  flashing  lights. 

The  second  phase  of  the  research  project  at  Purdue  University,  now  being 
planned,  will  include  the  installation  of  changeable-message  signing  at  om  railroad 
made  crossing  near  Lafayette,  Ind.  This  is  planned  lor  installation  in  Il)72.  Follow- 
ing a  period  of  evaluation  of  equipment  and  other  factors,  four  additional  installa- 
tions  an-   planned    in   Indiana   with   an   evaluation   of   the  effectiveness  of  this   m 

of  made  crossing  protection  to  follow. 

This  is  a  progress  report   submitted  as  information  with  the  recommen 

the  assignment   he  continued. 
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Report  on   Assignment  8 

Investigate  Uses  and  Types  of  Rumble  Strips  and  Their 
Adaptability  for  Approaches  to  Highway- 
Railway  Grade  Crossings 

R.  E.  Skinner  (chairman,  subcommittee),  W.  A.  Buckmaster,  W.  B.  Calder,  L.  T. 
Cerny,  C.  A.  Christensen,  R.  Dejaiffe,  C.  I.  Hartsell,  J.  A.  Holmes,  A.  J. 
Knohloch,  T.  H.  Kruttschnitt,  Jr.,  R.  V.  Loftus,  R.  E.  MacDonald,  H.  L. 
Michael,  E.  S.  Miller,  R.  D.  Pamperl,  J.  E.  Reynolds,  P.  A.  Shuster,  S.  C. 
Walker,  H.  J.  Wilkins,  M.  A.  Wohlschlaeger,  K.  E.  Wyckoff. 

Your  committee  continues  to  investigate  the  uses  of  rumble  strips  throughout 
the  country. 

Wyoming    Installation 

Recently  the  State  of  Wyoming  installed  four  series  of  rumble  strips,  with  each 
zone  separated  by  approximately  six  miles,  on  a  stretch  of  Interstate  80  between 
Rawlins  and  Rock  Springs,  Wyo.  The  purpose  of  these  rumble  strips  was  not  to 
alert  motorists  of  an  impending  traffic  control  device  or  change  in  highway  environ- 
ment as  has  been  usual  in  the  past.  These  strips  were  installed  in  an  attempt  to 
reduce  the  number  of  accidents  resulting  from  driver  fatigue. 

This  particular  stretch  of  highway  is  quite  straight  and  the  surrounding  terrain 
is  of  flat,  rolling  hills.  The  motorist  is  not  forced  in  any  way  to  keep  his  mind  on 
driving,  resulting  in  an  almost  hypnotic  effect  of  merely  sitting  behind  the  vehicle's 
steering  wheel. 

Although  no  definite  conclusions  as  to  the  effectiveness  of  these  installations 
have  been  reached,  some  observations  have  been  made.  Before-and-after  observations 
were  made,  first  with  only  the  rumble  strips  and  then  with  signs  indicating  the 
presence  of  the  strips,  the  observations  being  made  both  day  and  night.  There  did 
not  appear  to  be  any  appreciable  effect  on  the  85th  percentile  speed  (that  speed  at 
or  below  which  85  percent  of  the  traffic  is  moving).  Before  the  signs  were  installed 
approximately  one  percent  of  the  drivers  crossing  the  strips  applied  brakes  or  stopped. 
Of  the  four  vehicles  that  stopped,  three  thought  the  sound  was  due  to  tire  trouble 
and  the  other  thought  it  was  due  to  engine  trouble.  The  effect  of  darkness  appeared 
to  be  a  slight  increase  in  the  number  (not  recorded)  that  applied  brakes  or  stopped 
The  effects  of  the  signs  were  a  reduction  in  the  number  that  applied  brakes  and  the 
elimination  of  stopping.  No  panic  stops  were  noted  and  all  braking  was  done  in  a 
smooth  manner,  generally  of  short  duration  of  a  few  seconds.  During  all  observation 
periods  no  trucks  were  seen  to  apply  brakes  or  stop. 

The  typical  installation  consisted  of  three  30-ft  lengths  of  rumble-strip  areas 
with  200  ft  between  the  first  and  second  and  100  ft  between  the  second  and  third 
The  strips  are  12  ft  long,  4  inches  and  fs  inch  high  at  1-ft  centers.  The  strips  are 
centered  on  the  center  line  between  the  two  lanes  so  that  only  the  left  or  right  tires 
(depending  on  the  lane)   cross  the  strips. 

Further  studies  of  these  installations  are  to  be  made  this  fall  which  your  com- 
mittees will  review  and  report  on  when  available. 
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McCracken    County    Installation 

Of  more  interest  to  the  railroad  industry  and  more  pertinent  to  this  assignment 
are  some  rumble  strip  installations  in  McCracken  County  near  Paducah,  Ky.  On 
September  10,  1970,  two  members  of  your  committee  were  guests  of  the  Illinois 
Central  for  the  purpose  of  inspecting  these  installations.  A  typical  installation 
inspected  was  the  Pool  Road  grade  crossing  at  the  throat  of  the  IC's  South  Yard  at 
Paducah.  Two  rumble  strip  areas  are  on  each  approach  to  the  crossing  with  those 
on  the  west  side  about  65  ft  and  463  ft  from  the  nearest  track  and  those  on  the  east 
about  65  ft  and  430  ft  from  the  nearest  track.  A  "Stop  Ahead"  sign  is  located  at 
each  of  the  two  rumble-strip  areas  furthest  from  the  tracks,  that  is,  465  ft  to  the 
west  and  430  ft  to  the  east.  A  standard  octagonal  "Stop"  sign  is  on  each  approach, 
about  25  ft  from  the  center  line  of  the  nearest  track.  Each  of  the  rumble  strip  areas 
consists  of  8  strips  of  cold-mix  asphaltic  concrete  applied  to  the  paved  surface, 
7/2  inches  wide  on  16-inch  centers  approximately  %  inch  high  extending  the  full 
width  of  the  approach  lanes.  Although  some  of  the  strips  were  worn,  they  appeared 
to  be  still  effective.  There  was  no  indication  of  motorists  attempting  to  avoid  the 
strips,  which  indicates  the  /2-inch  height  was  appropriate.  It  was  the  consensus  of 
those  present  that  one  rumble-strip  area  would  be  sufficient  located  in  advance  of 
the  "Stop  Ahead"  sign  and  that  the  one  located  in  advance  of  the  "Stop"  sign  was 
not  necessary.  It  was  also  felt  that  the  "Stop  Ahead"  sign  should  be  moved  40  to 
50  ft  nearer  the  track  so  that  the  motorist  would  immediately  see  the  sign  upon 
crossing  the  rumble  strips. 

This  type  of  installation,  consisting  of  rumble  strips,  "Stop  Ahead"  signs  and 
"Stop"  signs,  was  installed  at  some  30  grade  crossings  in  McCracken  County  in 
1967-68.  Prior  to  these  installations  several  accidents  had  occurred  and  many  "Near 
Miss"  reports  had  been  made  at  these  crossings.  At  the  time  of  the  September  1970 
inspection  no  "Near  Miss"  report  had  been  made,  and  only  one  accident  had 
occurred  at  these  crossings  subsequent  to  the  installations.  In  the  one  accident  that 
did  occur  the  vehicle  driver  stopped  at  the  stop  sign  then  pulled  into  the  path  of 
the  train.  This  record  is  very  impressive  and  does  indicate  the  effectiveness  ol  this 
type  of  installation  for  these  particular  situations.  The  vehicular  traffic  is  quite  low 
and  operates  at  slow  speeds.  Your  committee  has  concluded  that  this  type  of  installa- 
tion (rumble  strips,  stop  ahead  and  stop  signs)  is  appropriate,  effective  and  eco- 
nomical for  use  at  hazardous  crossings  where  the  vehicular  traffic  is  low   in  volume. 

Your  committee  believe  that  the  McCracken  County  installation  would  be  an 
excellent  subject  for  an  experimental  study,  possibly  under  a  Federal-aid  program. 

This  report  is  submitted  as  information  with  the  recommendation  that  tin' 
subject  be  continued. 
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Committee 

(E)    Member  Emeritus. 

Those   whose   names   are  shown   in   boldface,   in   addition   to   the   chairman,   vice   chairman   and 
secretary,    are   the    subcommittee   chairmen. 

To  the  American  Railway  Engineering  Association: 

Your  committee  reports  on   the  following  subjects: 

B.  Revision   of  Manual. 
No  revisions  to  report. 

2.  Bibliography. 

Progress   report,   submitted   as   information    page   202 

3.  Office  and  drafting  practices. 

No  report  for  past  year's   activity.   Further  study  in   progress. 

4.  Special  studies. 

No  report  on  study  on  Responsibility  Reporting.  Study  in  progress. 

5.  Application  of  data  processing. 

Brief  status  and  progress  report  on  three  subjects page  204 

(i.  Valuation  a  id  depreciation. 

No  report  lor  past  year's  activity. 
7.  Revision  and   interpretation  of  ICC  accounting  classifications. 

Progress  report,  submitted  as  information   page  205 

The  Committee  on  Engineering  Records  ind  Property    Accounting. 

(].   H.    I  )(n   W   Chairman. 
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Bibliography 


M.  W.  Bonnom  (chairman,  subcommittee),  P.  J.  Beyer,  Jr.,  C.  R.  Dolan,  L.  D. 
Farrar,  A.  P.  Hammond,  L.  W.  Howard,  R.  D.  Igou,  J.  L.  Manthey,  J.  J. 
O'Hara,  C.  F.  Olson,  G.  W.  Smith,  E.  E.  Strickland,  T.  A.  Valacak,  J.  J. 
Weisbecker. 

Your  committee  submits  the  following  report  of  progress,  presenting  additional 
references  with  annotations. 

OFFICE    PROCEDURES 

Reprographics,  September  1970,  pages  12-25.  "Engineering  Microfilm  and 
Reproduction  Services  At  Avco-Lycoming." 

Engineering  reproduction  needs  are  met  through  a  centralized  facility  for  volume 
work,  with  while-you-wait  copy  service  available  from  six  satellite  locations.  Instant- 
retrieval  engineering  reference  is  available  from  Reproduction  Service's  aperture 
microcard  system. 

The  Office,  October  1970,  pages  76-104.  "Computer  Output-Microfilm  Record- 
ing Techniques." 

A  very  interesting  and  up-to-date  article  on  computer-output-microfilmers. 
Twenty-one  companies  offer  36  COM  recorders.  The  article  explains  the  difference 
between   them  and  what  factors  you  should  consider  in  selecting  one. 

The  Office,  October  1970,  pages  110-112.  "U.S.  Patent  Office  Modernizes  Its 
Files  With  A  Microfilm  System." 

The  demand  for  an  easy  method  of  reproduction,  retrievability  of  records, 
availability  of  a  complete  duplicated  copy,  and  the  need  to  reduce  valuable  office 
space  were  met  when  the  Patent  Office  placed  its  records  on  magnetic  computer 
tapes. 

Modem  Office  Procedures,  February  1971,  pages  21-22.  "Successful  Ways  To 
Use  Calculators." 

A  programmable  electronic  calculator  can  create  savings  in  one  or  more  of 
the  following  ways:  increase  speed,  decrease  personnel,  increase  production,  easier 
training.  You  require  less  skilled  help  to  operate  calculators  achieve  greater  accuracy; 
silent  electronics  means  less  background  noise.  Success  stories  are  reported  by  five 
industries. 

Business  Week,  March  20,  1971,  page  70.  "Do  It  Yourself  Microfilming." 

Microfilming  accounting  records  does  not  necessarily  mean  a  huge  outlay  of 
labor  and  funds.  Equipment  is  available  today,  for  under  $10,000,  that  could  meet 
your  needs. 

Journal  of  Property  Management,  Volume  36,  Number  2,  March-April  1971. 
"Making  The  Computer  Work  For  You." 

Property  management  accounting  is  highly  adaptable  to  the  computer.  The 
purpose  of  the  article  is  to  show  the  characteristics  of  a  working  system  as  points 
of  reference  for  property  managers  faced  with  decision  on  computerized  accounting. 

Reprographics,  March-April  1971,  pages  15-24.  "Reprographies'  Directory  Of 
Microfilm  Equipment." 
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Listings    of    important    data,    characteristics,    and    costs    of   microfilm    cameras, 

microfilm    duplicators,    and   microfilm   readers   and   reader-printers   available  on   the 

market  today. 

Business  Week,  June  5,   1971,  pages  62-66.   "The  Perils  Of  Data  Systems." 
The  total,  integrated  management  information  system  that  has  been  promised 

by  computer  salesmen   and  data-processing  managers  is  still  a  long  way  off.  The 

road  has  been  and  will  continue  to  be  for  those  companies  wanting  to  make  the 

trip  a  very  rough  and  expensive  one. 

Business  Management,  June  1971,  page  35.  "The  Macro-Surge  Of  Microfilm." 
Reduction   in  mailing  costs  by  almost  90  percent,   incredible  savings  in  floor 

space  and  availability  seems  to  weigh  heavily  in  the  decision  to  use  computer  output 

microfilming   ( COM ) . 

TAXES 

Harvard  Business  Review,  Volume  46,  Number  2,  March-April  1968,  pages 
20-41.  "Controversial  Accounting  Changes." 

Although  this  article  is  over  three  years  old  it  is  still  of  interest  today  because 
it  explains  the  differences  between  the  deferral  and  flow-through  method  of  handling 
the  investment  tax  credit. 

The  Journal  of  Accountancy,  February  1970,  pages  75-77.  "A  Value-Added 
Tax— Is  It  Coming  To  The  U.S.?" 

The  Value-Added  Tax  is  becoming  more  widely  used  in  Europe  and  has  been 
the  subject  of  widespread  discussion  in  this  country. 

The  Journal  of  Accountancy,  September  1970,  pages  63-66.  "Examining  The 
Debate  Over  Tax  Credits." 

The  pros  and  cons  of  the  underlying  theory  and  actual  use  of  tax  credits  are 
explained  for  persons  caught  up  in  the  current  debate. 

Engineering  News-Record,  February  4,  1971,  page  75.  "New  Tax  Depreciation 
Rules  Help  Contractors." 

Recent  overhaul  of  tax  depreciation  rules  on  new  equipment  purchases  is  good 
news  for  construction.  Asset  depreciation  range,  elimination  of  the  reserve-ratio  test, 
and  accelerated  first  year  depreciation  will  provide  business  with  a  better  cash  flow. 

VALUATION 

Engineering   News   Record,   March   18,    1971,  pages   73-114.   "First  Quarterly 
Cost  Roundup— EN-R  Indexes  of  Cost  Trends  1913-1971." 
The  latest  trends  in  building  cost  indexes. 
Building  equipment  cost  indexes. 
Heavy  construction  price  indexes. 

ACCOUNTING 

The  Journal  of  Accountancy.  October  1970,  pages  64-68.  "Is  Railroad  Account- 
ing Off  The  Track?" 

There  are  two  significant  areas  in  which  accounting  principles  used  by  railroads 
and  industrials  differ.  The  most  dramatic  of  these,  based  Oil  the  criterion  of  effect 
on  net  income,  is  comprehensive  income  ta\  allocation.  The  second  significant  <1  im- 
parity is  the  railroads  use  of  betterment  accounting  for  non-depreciable  property. 
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Railway  Track  and  Structures,  August  1971,  pages  24-26.  "T.P.&W.  Uses  Work 
Orders  To  Control  Track  Expenses." 

The  railroad  set  up  a  priority  plan  for  scheduling  routine  track  work  that  results 
in  more  productive  use  of  manpower  and  in  the  completion  of  essential  projects. 
Work  reporting  is  computer-oriented  so  management  can  quickly  determine  how 
money  is  being  expended. 

GENERAL 

Harvard  Business  Review,  November-December  1968,  pages  97-101.  "Danger 
Ahead!  Safeguard  Your  Computer." 

What  will  your  answers  be  to  the  following  questions  raised  in  this  interesting 
article: 

1.  Could  your  company  continue  to  transact  its  business  if  its  computer  center 
and  everything  in  it  were  suddenly  destroyed? 

2.  Does  your  company  give  its  computer  files  (tapes,  cards,  disks)  security 
and  protection  comparable  to  the  security  and  protection  it  formerly  gave  its  jour- 
nals, ledgers,  etc.,  in  pre-computer  days? 

3.  Has  your  company  properly  protected  its  programs,  files,  and  equipment 
against  sabotage? 

The  Communications  User,  January-February  1971,  pages  19-37.  "Scramblers 
Match  Data  Thief  Skills." 

The  article  explains  how  voice  and  data  scramblers  work  and  how  to  select 
the  unit  that  best  meets  your  security  needs  within  your  budget. 

Railway  Age,  June  14,  1971,  page  64.  '^Government  Takeover  of  Fixed  Plant?" 
The  advantages  and  benefits  to  the  railroad  industry  would  be  tremendous. 
Railroads  would  continue  to  operate  trains  and  supply  rolling  stock.  A  user  charge 
would  be  paid  by  carriers  to  cover  operating  and  maintenance  costs.  Federal  gov- 
ernment would  provide  appropriations  for  capital  improvements  similar  to  that  now 
provided  for  other  modes  of  transportation.  Payment  of  all  state  and  local  property 
taxes  would  be  paid  by  Federal  government. 
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Application  of  Data  Processing 

L.  F.  Grabowski  (co-chairman,  Subcommittee  on  Accounting  Pliases),  H.  C.  Boley 
(co-chairman,  Subcommittee  on  Engineering  Pliases),  J.  B.  Byars,  C.  E.  Bynane, 
P.  L.  Conway,  Jr.,  C.  R.  Dolan,  R.  L.  Ealy,  W.  V.  Eller,  G.  R.  Gallagher, 

A.  P.  Hammond,  W.  H.  Kiehl,  J.  G.  Kirchen,  H.  C.  Lippy,  F.  J.  Merscher, 

B.  F.  Nauert,  J.  B.  Styles,  H.  R.  Williams. 

DATA   PROCESSING   AND    RESPONSIBILITY   ACCOUNTING 

The  subcommittee  is  continuing  its  study  of  various  roads'  responsibility  report- 
ing systems  for  the  primaiy  purpose  of  developing  ways  to  use  such  reporting  for 
input  data  to  Engineering  Records  and  Property  Accounting. 
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MECHANIZATION    OF   ENGINEERING    AND    PROPERTY   RECORDS 

Several  roads  have  developed  procedures  for  mechanization  of  track  records 
and  mileage  statistics.  Each  system  deals  with  engineering  data  only  and  does  not 
provide  for  the  collection  of  investment  data.  When  more  systems  are  developed 
and  reviewed  it  is  the  plan  of  the  subcommittee  to  present  a  report  to  the  member- 
ship and  proceed  to  develop  data  for  inclusion  in  the  Manual. 

The  Ad  Hoc  Committee  of  Committee  11  is  functioning  again.  The  aim  of  this 
committee  is  to  simplify  the  requirements  for  reporting  of  property  units  to  the 
ICC.  The  work  of  this  committee  is  closely  tied  to  the  development  of  mechanized 
property  records  for  road  property. 

Several  roads  are  making  substantial  progress  in  the  development  of  methods  to 
allocate  investment  dollars  to  physical  units  of  track  structure.  A  simplified  method 
of  determination  of  ledger  values  of  track  structure  is  needed,  and  when  such  meth- 
ods are  sufficiently  documented  Subcommittee  5  plans  to  review  and  report  on 
application  of  mechanized  processing  of  such  data. 

MECHANIZATION    OF   DEPRECIATION    DATA 

Studies  of  methods  of  developing  asset  life,  evaluation  of  adequacy  of  deprecia- 
tion reserve,  and  management  forecasting  via  mechanized  methods  are  continuing. 
A  preliminary  presentation  of  the  ICC  plan  for  collection  of  Equipment  Property 
data  was  made  to  Committee  11.  The  ICC  has  programs  operable  to  study  data 
under  the  Period  Retirements,  Simulated  Plant  Balance,  and  Actuarial  Methods.  A 
good  deal  of  work  remains  to  be  accomplished  in  polishing  techniques  and  in  puri- 
fication of  data,  but  the  systems  are  designed  to  make  reporting  easier  for  the  car- 
riers and  to  set  depreciation  rates  and  reserves  at  levels  responsive  to  physical 
conditions. 
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Revisions  and   Interpretations  of  ICC  Accounting 
Classifications 

J.  G.  Kirchen  (chairman,  subcommittee),  M.  W.  Bonnom,  J.  M.  Bourne,  P.  L. 
Conway,  N.  J.  Hull,  J.  W.  Kelly,  J.  G.  Maher,  D.  C.  Maris,  J.  C.  Mc- 
Keague,  T.  A.  Valacak. 

This  is  a  progress  report,  presented  as  information. 

ICC  order  dated  December  22,  1970,  under  Docket  No.  32153  was  issued, 
amending  various  accounts  to  give  recognition  to  TOFC/COFC  (piggyback)  service 
and  the  expanding  utilization  of  special  purpose  automotive  vehicles  in  the  mainte- 
nance of  way  and  structures.  This  subject  was  previously  issued  as  a  revised  notice 
ol  nil,-  making  dated  August  24,  1970,  under  this  same  deckel  number  which 
modified  the  Commissions  original  notice  of  proposed  rule  making  dated  October 
7,  1969. 

ICC  order  dated  September  1,   1971,  under  Docket  No.  32153   (Sub.   \<-.    I 
was  issued  d,  amend   Part   120]   of  tin-  Uniform  System  of  Accounts,  Paragraph  2 
ol  Genera]  Instructions  1-10  added  on  December  17.  H)7<).  published  in  tin-  Federal 
Register  (35  FR  19125). 
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This  amendment  states  that  punched  cards,  magnetic  tapes,  disks  or  other 
machine-sensible  devices  used  in  accounting  transactions  and  records  shall  constitute 
a  file  within  the  meaning  of  the  instruction  to  maintain  a  separate  file  of  records  on 
all  transactions  with  affiliated  companies  pertaining  to  the  sale  or  transfer  of  assets, 
dividends,  allocation  of  income  taxes  and  similar  items;  provided  the  carrier  main- 
tains the  capability  to  produce  a  record  of  the  transactions  with  the  affiliates  upon 
the  request  of  the  Commission. 

The  ICC  Bureau  of  Accounts  issued  the  following  Accounting  Series  Circulars: 

Circular  No.  130  issued  June  14,  1971  amends  Subject  Circular  dealing 
with  the  inteipretations  of  the  Uniform  System  of  Accounts  for  railroad 
companies.  It  generally  implements  the  December  22,  1970,  Order  of  the 
Commission  amending  the  Uniform  System  of  Accounts  for  railroad  com- 
panies to  provide  primarily  for  the  accounting  treatment  of  terminals  and 
highway  equipment  used  in  TOFC/COFC  (piggyback)  service  and  incor- 
porate indices  amendments  applicable  to  case  changes  previously  effected 
in  the  Circular. 

The  ICC  issued  an  order  dated  March  31,  1971,  served  April  20,  1971  in  Ex 
Parte  No.  274  dealing  with  the  simplified  abandonment  procedures  outlined  in 
Title  49,  Subtitle  B,  Chapter  10,  Part  1121. 
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Committee 


(E)    Member  Emeritus. 

Those  whose   names   are   shown   in   bo'clface,   in   addition  to  the   chairman,   vice   chairman   and 
secretary,    are   the   subcommittee   chairmen. 

To  the  American  Railway  Engineering  Association: 

Your  committee  reports  on  the  following  subjects: 

B.  Revision  of  Manual. 

See  report  on  Assignment  1. 

1.  Water  Pollution  Control. 

Progress  report,  presented  as  information    page  208 

2.  Air  Pollution  Control. 

Progress   report,   presented  as  information    page  212 

3.  Land  Pollution  Control. 

Progress   report,   presented  as   information    page  215 

4.  Industrial  Hygiene. 

Progress   report,  presented  as  information    page  216 

5.  Plant  Utilities. 

Study  of  assignment  as  it  relates  to  high-speed  fueling  of  locomotives  is 
in  progress. 

6.  Corrosion  Control. 

Study  of  assignment  as  it  relates  to  corrosion  control  in  engine  cooling 
systems  is  in  progress. 

7.  Noise  Pollution  Control. 

Progress    report,    presented   as   information    page  219 

The  Committee  on  Environmental  Engineering, 

C.  F.  Mi  1 1 1 •  i  h.  Chairman, 
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Report   on   Assignment    1 

Water  Pollution  Control 

J.  L.  Goss  (chairman,  subcommittee),  G.  H.  Nick  (vice  chairman,  subcommittee), 
J.  L.  Engler,  P.  M.  Miller,  C.  A.  Obma,  J.  A.  Pruett,  J.  C.  Roberts,  N.  E. 
Smith. 

Your  committee  has  revised  Section  1.4,  Part  1,  Chapter  13  of  the  Manual  as 
necessary  to  correct  and  update  the  Directory  of  Water  Pollution  Control  Agencies 
included  therein.  The  revised  material  is  presented  for  adoption  in  Part  1 — Manual 
Recommendations,  of  this  Bulletin. 

Your  committee  has  been  working  on  the  design  of  facilities  for  the  treatment 
of  liquid  wastes  from  railway  operations,  which  wastes  were  broken  down  into  three 
categories. 

A  report  on  the  design  of  facilities  for  treating  wastes  in  the  first  two  categories 
was  presented  as  information  in  Bulletin  630,  November-December  1970,  and  a 
revised,  final  version  of  that  report  is  presented  for  adoption  and  publication  in  the 
Manual  in  Part  1 — Manual  Recommendations,  of  this  Bulletin. 

The  committee  now  submits,  as  information  only,  the  following  report  on  the 
design  of  facilities  for  treating  waste  water  in  the  third  category. 

1.2.5.3  Waste  Water  with  Pollutants  Other  than  Oils,  Greases  or  Sanitary  Wastes, 
having  a  B.O.D.:  Such  as  from  Box  Car  Cleaning  and  Washing;  Controlled  by 
Removal  of  Settleable  Solids,  pH  Control,  Flotation  of  Suspended  Solids  and  Subse- 
quent Removal 

(a)  Definitions  of  Terms 

B.O.D.  (BioChemical  Oxygen  Demand,  5-Day) — An  arbitrary  or  empirical 
measure  of  the  quantity  of  material  in  the  stream  which  under  specified  conditions 
will  take  dissolved  oxygen  from  the  water.  The  5-day  demand  at  20 °C  is  the  accepted 
primary  indicator  of  water  pollution  from  the  viewpoint  of  measuring  the  load  on 
the  oxygen  resources  of  a  stream. 

Chlorides — Chlorides  are  universally  present  in  sewage  and  many  industrial 
wastes.  In  large  amounts  they  may  give  a  salty  taste  to  drinking  water.  The  U.S. 
Public  Health  Service  (1961)  Drinking  Water  Standards  recommend  that  the 
chloride  content  not  exceed  250  ppm.  Chlorides  are  not  removed  by  any  conven- 
tional sewage  or  waste  treatment  processes,  and  are  therefore  used  as  a  general 
indicator  of  the  presence  of  domestic  or  industrial  effluents. 

D.O.  (Dissolved  Oxygen) — The  oxygen  dissolved  in  the  water  of  a  stream 
or  lake.  The  oxygen  is  derived  from  the  air  directly  and  from  oxygen  given  off  in 
the  process  of  photosynthesis  by  aquatic  plants.  Ample  dissolved  oxygen  is  vitally 
necessary  to  maintain  a  satisfactory  fishery  and  stream  biota,  and  to  avoid  nuisance 
conditions  from  the  decomposition  of  sewage  or  wastes. 

Enzymes — Any  of  the  various  complex  organic  substances  originating  from 
living  cells  and  capable  of  producing  by  catalytic  action  certain  chemical  changes 
in  organic  substances. 

pH — A  term  which  represents  the  hydrogen  ion  concentration  and  is  a  measure 
of  the  acidity  or  alkalinity  of  the  waters.  A  pH  of  7  indicates  neutrality.  Values 
lower  than  7  indicate  acidity,  while  values  higher  than  7  indicate  alkalinity.  In  gen- 
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oral,  the  corrosiveness  of  the  waters  will  increase  with  lowering  of  the  pH.  Exces- 
sively acid  or  alkaline  waters  will  have  a  detrimental  effect  on  fishlife  and  the  biota 
of  the  stream. 

Phosphorus — An  essential  nutrient  for  algae  and  weed  growths.  It  is  generally 
considered  to  be  the  limiting  element  in  the  development  of  such  nuisance  blooms 
or  growths  in  the  absence  of  man-made  pollution.  Nitrogen  is  also  very  important 
as  a  nutrient  but  some  forms  of  algae  can  take  nitrogen  directly  from  the  air  while 
phosphorus  can  be  obtained  only  from  the  water. 

Settleable  Solids — Substances  which  settle  to  the  bottom  of  waste  water  to 
form  sediment. 

Suspended  Solids — The  main  cause  of  turbidity  and  discoloration  in  water, 
although  there  often  is  no  direct  correlation.  Discoloration  is  esthetically  offensive, 
and  in  highly  turbid  waters  the  penetration  of  sunlight  may  be  reduced  so  as  to 
interfere  with  the  production  of  oxygen  by  photosynthesis.  Suspended  solids  in  large 
amounts  may  create  sludge  deposits  and  blanket  spawning  beds  or  other  desirable 
bottom  areas. 

Temperature — Water  temperature  has  a  bearing  on  a  number  of  factors  asso- 
ciated with  water  quality.  It  determines  how  much  dissolved  oxygen  the  water  can 
hold  and  the  oxygen  demand  made  upon  it  due  to  the  rate  of  bacterial  decomposi- 
tion. It  governs  all  life  in  waters  from  what  species  are  present  to  the  rate  of  their 
metabolisms.  Productivity  is,  in  part,  a  function  of  temperature,  the  warmer  waters 
being  more  productive.  Temperature  may  also  fluence  the  toxicity  of  a  compound 
injurious  to  aquatic  life. 

Turbr>ity — The  condition  due  to  fine  material  in  suspension  which  may  not  be 
of  sufficient  size  to  be  seen  as  individual  particles  by  the  naked  eye,  but  which 
reduces  the  passage  of  light  through  the  liquid.  High  turbidity  is  undesirable  in 
natural  waters,  particularly  those  which  are  used  for  recreation.  It  is  esthetically 
objectionable,  and  in  extreme  cases  may  even  be  a  hazard  to  the  safety  of  others. 

(b)   Preliminary  Considerations: 

In  order  to  design  an  efficient  waste  treatment  system  for  a  car  cleaning  and 
washing  facility,  a  survey  should  be  conducted  and  the  following  information 
obtained: 

1.  Number  and  type  of  cars  to  be  washed  per  hour. 

2.  Type  of  progression  system  that  will  be  the  most  efficient  for  the  facility. 

3.  Trackage  requirements  to  support  the  wash  rack. 

4.  Whether  dry  cleaning  or  vacuuming  will  be  conducted  prior  to  washing 
cars. 

5.  Type  of  material   that  will  be  washed  out  of  cars. 

6.  Whether  the  washing  facility  will  be  used  during  Freezing  weather  and 
whether  heat  for  the  building  and  hot  water  for  the  washer  will  have 
to  be  provided. 

7.  Whether  main-line  water  pressure  can  be  utilized  in  the  washing  or 
whether  additional   pressure  will  be  required. 

8.  Whether  all  storm  runoff,  except  that  actually  falling  on  the  washing  plat- 
form, can  he  directed  into  a  storm  sewer  system  rather  than  through  the 
treating  plant. 

9.  A  flow  measurement  of  the  effluent  from  the  wash  rack. 
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10.  Analysis  of  the  effluent  to  include  determination  of  settleable  solids,  sus- 
pended solids,  pH,  phosphates,  chlorides,  B.O.D.,  and  others  if  deemed 
necessary. 

11.  The  level  of  effluent  purity  that  must  be  maintained  to  comply  with  pollu- 
tion regulations. 

(c)  Plant  Facilities: 

Specific  design  details  of  a  car  washing — water  treatment  plant  are  omitted 
since  the  requirements  vary  and  design  details  are  readily  available  from  a  number 
of!  consultants  who  are  capable  of  designing  a  facility  to  fit  existing  conditions. 
However,  careful  consideration  should  be  given  to  the  type  of  facility  to  be  em- 
ployed. Some  of  the  important  factors  to  consider  are  the  location  and  topography 
of  the  plant  site,  operating  costs,  and  the  probable  type  of  supervision  and  mainte- 
nance required.  Attention  should  be  given  to  design  for  adequate  access  to  valves, 
pumps,  and  other  mechanical  and  electrical  equipment.  Particular  attention  should 
be  given  to  protection  of  plant  units  and  piping  to  permit  dependable  operation 
during  freezing  weather.  With  progression  system,  the  washing  platform  should  be 
constructed  with  sufficient  length  to  spot  at  least  two  cars  at  a  time.  Drains  to  a 
primary  settling  basin  should  be  provided  for  the  platform.  Drainage  should  gravitate 
to  the  settling  basin  if  possible,  and  drains  should  not  be  sized  less  than  8  inches 
in  order  to  facilitate  cleaning.  Drainage  inlets  should  be  fitted  with  grates  to  prevent 
large  foreign  items  from  entering  the  drains.  A  trough  in  the  bottom  of  the  platform 
is  desirable  and  would  serve  as  an  initial  settling  basin.  The  trough  should  be  wide 
enough  to  facilitate  cleaning  with  shovels  and  should  be  covered  with  a  grating. 
Diversion  of  the  uncontaminated  portion  of  the  storm  water  runoff  will  greatly 
reduce  treatment  plant  size.  Sludge,  sediment,  trash  and  other  wastes  from  the  clean- 
ing and  treatment  operation  must  be  disposed  of  by  incineration  or  dumping.  Either 
method  demands  proper  operation  and  good  housekeeping  in  order  not  to  create 
a  secondary  pollution  problem.  It  is  imperative  that  all  new  car  cleaning  facilities 
be  built  as  integrated  systems  with  adequate  disposal  facilities  included  in  the 
operating  plan. 

(d)  Control  by  Removal  of  Settleable  Solids: 

A  primary  settling  basin  should  be  designed  to  provide  a  minimum  of  30  min- 
utes detention  time  to  permit  solids  to  settle.  The  effluent  from  this  basin  is  then 
diverted  into  either  a  large  lagoon  system,  city  sewer,  stream  or  to  a  treating  plant 
for  further  treatment.  A  satisfactory  method  of  removing  solids  from  settling  basin 
should  be  provided.  This  may  be  an  automatic  skimmer-scraper  arrangement  or  a 
physical  arrangement  conducive  to  dragline  or  backhoe  operation. 

(e)  pH  Control: 

If  the  effluent  out  of  the  wash  rack  or  lagoon  system  carries  an  unacceptable 
pH,  adjustments  must  be  made  by  either  adding  acid  or  an  alkali  to  the  effluent. 

(f)  Control  of  Flotation  of  Suspended  Solids  and  Subsequent  Removal: 

After  the  screening  and  sedimentation  in  settling  basin,  the  effluent  may  be 
driven  by  force  or  gravity  to  a  waste  treatment  plant  at  a  convenient  location.  Treat- 
ment for  car  cleaning  wastes  is  similar  to  normal  sewage  treatment  facilities.  A  num- 
ber of  good  flotation  separators  are  available  on  the  market  and  a  package  plan  is 
often  the  most  economical  solution.  The  rate  of  floculation  can  be  increased  by  use 
of  chemicals  and  pH  adjustment  as  determined  in  the  field.  A  flotation  cell  or  similar 
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equipment  is  most  often  used  in  separating  suspended  solids  prior  to  discharging 
the  effluent  into  a  polishing  lagoon  or  city  sewer. 

(g)  Operation  of  Plant: 

The  plant  should  have  as  a  supervisor  a  competent,  well-trained  technician  who 
will  have  undivided  responsibility  for  the  safe  and  economical  operation  of  the  plant. 
A  complete  description  of  the  plant  facilities  for  pollution  control  should  be  pre- 
pared, including  requirements  that  must  be  met  and  controls  necessary,  so  that  the 
personnal  charged  with  operating  the  facilities  will  understand  the  factors  involved 
in  the  disposal  of  the  wastes. 

(h)   Disposal  of  Effluent: 

Outlets  for  waste  waters  can  be  classified  into  three  categories; 

1.  City  sewerage  system. 

2.  Oxidation  ponds. 

3.  Streams,  rivers  or  lakes. 

A  city  sewerage  system  would  be  the  preferred  choice  inasmuch  as  simple  pretreat- 
ment  is  usually  adequate  prior  to  discharge  into  a  municipal  sewer  system.  More 
elaborate  and  sophisticated  works  are  required  for  treating  wastes  discharged  into 
surface  waterways.  Oxidation  ponds,  where  land  is  available,  are  a  good  choice. 
Ponds  in  porous  soils  are  not  recommended  due  to  ground  water  infiltration. 

A  lagoon  system  is  an  economical  way  to  treat  effluent  from  a  car  washing 
facility  if  the  real  estate  is  available.  The  number  of  lagoons,  or  detention  time  to 
design  for,  will  depend  on  die  analysis  of  the  effluent  from  the  settling  basin.  The 
B.O.D.  loading  per  acre  should  be  determined  from  the  local  State  agency.  At  the 
present  time,  sufficient  data  is  not  available  to  recommend  design  standards  for 
oxidation  ponds.  Some  authorities  on  oxidation  ponds  recommmend  design  loading 
varying  from  20  lb  to  100  lb  B.O.D.  per  acre  per  day.  Effluent  quality  is  propor- 
tional to  organic  loading.  The  average  depth  of  oxidation  ponds  is  about  4  ft. 
Shallow  ponds  stimulate  weed  growth,  which  is  undesirable.  Deep  ponds  do  not 
permit  sufficient  circulation  to  maintain  aerobic  conditions.  Some  installations  with 
high  B.O.D.  effluent  have  incorporated  aeration  splash  systems  or  air  injector  pumps 
to  aerate  the  waste  water  prior  to  discharge  to  lagoon.  Enzymes  have  been  used  to 
reduce  the  B.O.D.  and  C.O.D.  Effluent  out  of  lagoons  can  be  discharged  into  water 
courses  if  it  meets  stream  criteria.  Chlorination  of  the  effluent  may  be  necessary, 
depending  upon  State  regulations. 

REFERENCES 

(1)  Billingsley,  W.  E.,  et  al.,  "Methods  and  Materials  to  be  Used  in  Car-Cleaning 
Facilities",  AREA  Bulletin,  Vol.  68,  No.  602,  November  1966. 

(2)  Minnesota   Pollution   Control   Agency — Division   of  Water   Quality — Section   of 
Standards  and  Surveys,  Vol.  5,  1964-1965. 
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Report   on   Assignment  2 

Air  Pollution  Control 

A.  F.  Butcosk  (chairman,  subcommittee),  R.  C.  Archambeault,  W.  F.  Arksey, 
R.  R.  Holmes,  H.  Parrish,  C.  E.  Peterson,  C.  E.  Stokes,  L.  R.  Tierney, 
E.  M.  Walters. 

Your  committee  presents,  as  information  only,  the  following  report  on  methods 
of  reducing  the  excessive  dust  sometimes  produced  during  railway  ballast  cleaning 
operations  to  the  amount  tolerated  by  the  "Clean  Air  Act  of  1970."  It  is  the  in- 
tention of  the  committee  eventually  to  recommend  that  the  report  be  adopted  and 
published  in  Part  2,  Chapter  13,  of  the  Manual. 

2.4  BALLAST  CLEANING 

2.4.1  General  Statement 

(a)  Dust  and  fine  soil  in  rock  ballast  prevent  drainage  which  ultimately  causes 
unstable  track;  consequently,  it  is  necessary  to  clean  the  ballast  to  restore  good 
drainage. 

(b)  Ballast  cleaning  is  done  by  machines  that,  due  to  their  innate  design  and 
requirements,  often  produce  dust  in  excess  of  that  tolerated  by  the  "Clean  Air  Act 
of  1970." 

(c)  A  typical  cleaning  machine  scoops  up  the  ballast  at  the  ends  of  the  cross 
ties  and  conveys  the  stone  to  a  vibrating  screen.  The  cleaned  stone  is  directed 
back  to  the  roadbed  while  the  dirt  is  directed  outside  the  roadbed.  Some  dust 
floats  into  the  air.  The  largest  amount  of  dust  comes  from  the  screening  operation. 
Figs.   1  and  2  are  sketches  of  these  vibrating  screens. 

2.4.2  Machine  Design 

(a)  As  it  is  impractical  to  completely  enclose  present  railway  ballast  cleaners 
and  uneconomical  to  replace  them  with  new  equipment,  modification  is  desirable 
in   order  to   comply  with  air  pollution  control   requirements. 

(b)  Fan-equipped  removable  hoods  may  be  placed  over  the  shakers  and 
screens  that  will  collect  and  then  discharge  the  dust  onto  the  ground  through  a 
water  curtain. 

(c)  The  exhaust  fan,  driven  by  electric  power  from  the  diesel  locomotive,  should 
have  adequate  velocity  to  capture  the  dust  and  particulates  concerned.  The  se- 
lected spray  nozzles  should  deliver  suitable  volume  of  scrub  water  to  allay  dust.  A 
minimal  amount  of  a  suitable  non-polluting,  wetting  agent  added  to  the  spray  water 
may  be  beneficial  to  entrap  the  dust. 
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Report   on   Assignment   3 

Land  Pollution  Control 

P.   Dunavant,  Jr.  (chairman,  subcommittee),   R.   C.  Brownlee,  L.  R.  Burdce, 
D.  E.  Drake,  E.  T.  Myers,  J.  M.  Wetzel,  J.  W.  Zwick. 

Your  committee  submits,  as  information  only,  the  following  report  on  the  dis- 
)sal  of  toxic  wastes.  It  is  the  intention  of  the  committee  eventually  to  recommend 
at  the  report,  revised  as  necessary,  be  adopted  and  published  in  the  Manual  as 
:c.  3.4,  Part  3,  Chapter  13. 

4  DISPOSAL  OF  TOXIC  WASTES 

4.1  Definition  of  Terms 

Toxic  Material — A  material  which  on  contact  with  or  ingestion  in  small 
nounts  by  living  organisms,  including  man  and  animals,  causes  illness  or  death. 

ppm  (parts  per  million) — A  measurement  used  to  state  the  concentration  of  a 
ibstance  in  a  medium;  i.e.,  1  ppm  means  1  part  of  a  substance  in  a  million  parts 
a  medium. 

mg/1  (milligrams  per  liter) — Essentially  another  way  of  stating  parts  per  mil- 
m  concentration.  One  milligram  is  approximately  one  millionth  of  the  weight  of  a 
:er  of  water  at  standard  temperature  and  pressure. 

pH — A  numerical  system  of  stating  the  alkalinity  or  acidity  of  a  substance.  A 
rl  of  7.0  is  neutral.  Each  whole  number  above  7  to  14  increases  the  alkalinity 
ting  by  the  power  of  ten.  Acidity  increases  by  the  power  of  ten  for  each  whole 
jmber  below  7.0  down  to  0.0. 

Solvent — A  substance  which  dissolves  another  material,  such  as  an  organic 
juid  used  to  dissolve  oil  and  grease  in  shop  cleaning. 

4.2  Common  Toxic  Materials 

(a)  Chemical  compounds  of  heavy  metals  such  as  arsenic,  chromium,  iron, 
ad,  silver,  zinc,  mercury  or  copper. 

(b)  Poisons  such  as  cyanides. 

(c)  Organic  solvents  and  oil. 

(d)  Materials  with  alkalinity  above  a  pH  of  10.0  or  acidity  below  pH  6.0. 

4.3  Toxic  Wastes  Disposal 

3.4.3.1   Land  Disposal  of  Toxic  Wastes 

(a)  Toxic  waste  must  be  disposed  of  in  a  manner  such  that  it  cannol  eventu- 
lly  reach  and  contaminate  ground  water  or  streams  or  constitute  a  hazard  to  public 
caltli. 

(b)  To  comply  with  local,  state  and  federal  laws,  certain  toxic  wastes  must  be 
Bated  chemically  to  render  them  less  toxic  before  disposal 

1.  Cyanides — Under  alkaline  conditions,  cyanides  may  be  converted  to  less 
toxic  cyanides   with   chlorine  gas, 

2.  Chromates — By    various    chemical    processes,    hexavalenl    chromates    maj 
be  converted  to  the  less  objectionable  trivalenl  chromates. 
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3.   Strongly   acid    and    alkaline    materials   may   be   neutralized    elieniieally  and 
applied  directly  to  landfill. 

(c)  Oils  and  solvents   in  some  cases  may  be  used  as  weed  sprays  or  for  road 
oiling. 

(d)  Under  certain  regulations,  toxic  materials  may  be  sealed  in  non-destructive 
containers  and  buried. 

3.4.3.2  Disposal  of  Toxic  Wastes  by  Burning 

(a)  Open  burning  of  toxic  wastes  is  prohibited. 

(b)  In  most  cases,  oils  and  some  solvents  may  be  burned  in  an  approved  type 
combustion  chamber. 

(e)  Herbicidals   that  contain  oil  carriers  may  be  burned  in  an  approved  type 
combustion   chamber,   providing   that   their  fumes   are  not   toxic. 

3.4.3.3  Water  Disposal  of  Toxic  Wastes 

(a)  Disposal    of   toxic   wastes   into   streams   or   sanitary   sewers   is   usually  pro- 
hibited by  law. 

(b)  Highly   acid   or   alkaline   wastes   may   sometimes   be  neutralized   and   then 
disposed   of  in   sanitary  sewers   or,   in   some   cases,   streams. 

3.4.3.4  Laws 

Standards  established  under  local,  state  and  federal  laws  vary.  Local  and  state 
authorities   should   be   consulted  before   disposal  of  toxic  wastes  is  undertaken. 


Report  on   Assignment  4 

Industrial   Hygiene 

R.   S.  Bryan  (chairman,  subcommittee),  J  J.  Dwyer,  W.  D.  Peters. 

Toilets  for  Use  on   Diesel   Locomotives, 
Cabooses,  and  Camp  Cars 

Your  committee  submits  the  following  report  of  progress  in  the  gathering  of 
information  pertaining  to  selection  of  retention-type  toilets  for  diesel  locomotives, 
cabooses,   and  camp  cars. 

During  the  past  year  the  Association  of  American  Railroads  has  been  actively 
engaged  in  obtaining  information  relative  to  the  discharge  of  wastes  from  railroad 
conveyances  to  present  to  the  Secretary  of  Health,  Education,  and  Welfare  to 
assist  him  in  determining  whether  the  Interstate  Quarantine  Regulations  should  be 
amended  to  prohibit  the  discharge  of  human  wastes  from  all  rail  conveyances.  This 
information  was  presented  in  a  document  dated  December  14,  1970. 

Following  are  those  excerpts  from  this  document  which  are  pertinent  to  our 
present   committee   assignment: 

"Should  internally-treating  toilet  units  be  authorized,  the  problems  re- 
garding the  servicing  installations  would  be  reduced,  but  those  with  respect 
to  the  toilet  units  would  remain.  Several  railroads  have  installed  incinerating 
and  chemical  recirculating  toilets  on  a  limited  number  of  units.  Bacteriological 
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units  are  also  being  tested.  Despite  claims  of  the  manufacturers  ol  such 
units,  none  lias  yet  proved  to  be  completely  acceptable  for  use  on  existing 
equipment,  and  it  is  apparent  that  considerable  research  and  additional 
testing  will  he  required  to  develop  an  acceptable  unit,  which  will  function 
properly  tinder  the  rigors  inherent  in  railroad  operations.  Moreover,  it  has 
not  yet  been  determined  what  criteria  would  be  required  for  the  effluent 
discharge,  and  the  types  or  models  of  toilets  which  are  capable  of  meeting 
these  criteria. 

"Part  of  the  problem  arises  from  the  simple  fact  that  no  system  known 
today  has  been  found  to  be  wholly  satisfactory.  Past  experience  with  two 
types  of  units  was  described  in  a  letter  from  the  president  of  International 
Car  Co.,  to  the  Chairman  of  the  House  Subcommittee,  dated  January  23, 
1970: 

In  the  past  we  have  installed  at  least  two  types  of  incinerating  toilets 
but  after  a  few  years  of  service,  the  railroads  using  same  objected  to  the 
high  maintenance  cost  and  obnoxious  odors  emanating  from  the  vent.  Man) 
years  ago  we  made  an  application,  in  a  series  of  cabooses,  which  consisted 
of  a  flushing  hopper  with  a  large  holding  tank  mounted  under  the  car.  This 
too    was   a   high   maintenance   item   and   required   frequent   servicing. 

The   Electro-Motive   Division   of   Ceneral    Motors   Corporation,   manufacturer 

of  diesel  locomotives,  by  letter  of  March  2,  1970,  advised  the  Chairman  of 
the  House  Subcommittee  that: 

To  date  the  incinerating  type  has  not  been  100-percent  satisfactory,  ac- 
cording to  our  customer  reports  and  our  experience.  This,  however,  does  not 
mean  that  improvements  in  the  future  will  not  make  them  more  acceptable. 
The  recirculating  chemical  types  are  relatively  new  in  the  locomotive  field 
and  sufficient  field  experience  is  not  available  to  evaluate  them  properly. 
They  do  appear  to  be  progressing  rapidly  and  could  be  of  great  use  in  the 
future. 

That  the  matter  is  still  largely  in  the  exploratory  and  experimental  stage  is 
further  indicated  by  the  letter  from  the  Chairman  of  the  Washington 
Utilities  and  Transportation  Commission,  dated  June  11,  1970,  to  the  Chair- 
man  of  the  House   Subcommittee,  in   which   it  was  said: 

Some  of  the  electric  units  have  been  used  on  engines  in  the  State  of  Wash- 
ington for  a  number  of  years,  wiih  more  or  less  success.  It  is  our  experience 
that  all  incinerator  type  disposal  units  require  a  very  high  degree  <>l  main- 
tenance to  keep  them  in  operation. 

o      o      o 

Although  our  stall  has  not  made  an  extensive  study  of  any  but  the  incinerator 
type  disposal  unit,  they  have  expressed  the  opinion  that  it  might  be  dilli- 
cult  to  find  room  on  a  locomotive  to  install  a  retaining  tank  For  flush-type 
unit.  They  also  observe  that  the  chemical-type  units  with  which  they  are 
Familiar  are  charged  with  a  liquid  disinfectant  which  would  probablj  be 
difficult  to  retain  under  rough  handling  ol  the  engine  or  caboose. 

I  mler  these  conditions,  it  is  the  opinion  of  our  railroad  stall  that  the 
development  of  an  incinerator  type  which  actually  consumes  the  waste, 
leaving  a  minimum  oJ  nontoxic  residue,  might  be  the  best  solution.  The 
greatest  problem  with  this  type  of  unit  seems  to  be  its  inability  to  entirely 

eliminate   unpleasant   odor  during   a   disposal   cycle. 

The  amendment  to  12  CFR  Part  72.154  proposed  by  the  Commis- 
sioner would  prohibit   'discharge  of   human  waste,  garbage,  waste  water,  oi 
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other  polluting  materials  from  any  new  railroad  conveyances  except  at 
servicing  areas  approved  by  the  Commissioner.'  This  wording  implies  that 
the  only  acceptable  toilets  must  be  of  a  type  which  would  provide  complete 
retention  until  such  time  as  the  conveyance  reached  a  point  at  which  con- 
tents of  the  holding  receptacle  could  be  deposited  into  a  sanitary  system,  or 
pumped  into  a  mobile  vehicle  which  could  then  transport  and  transfer  it 
into  such  a  system.  Such  an  interpretation  would  remove  from  consideration 
a  toilet  unit  which  internally  treats  waste  material,  but  permits  innocuous 
effluent  to  be  deposited  on  the  roadbed. 

"The  AAR  agrees  with  the  position  taken  by  Mr.  William  Smyers,  Jr., 
Project  Manager  for  Koehler-Dayton  Division,  Litton  Industries,  Inc.,  in 
testimony  before  the  aforementioned  House  Subcommittee.  Mr.  Smyers 
urged  that: 

If  it  is  decided  that  discharge  of  untreated  wastes  from  railroads  should  be 
prohibited,  try  to  leave  as  many  avenues  open  as  possible  for  engineers 
to  develop  inexpensive  ways  to  accomplish  just  what  really  needs  to  be  done 
and  no  more.  Somehow,  we  must  cut  the  total  equivalent  cost  of  the  present 
retention  system  in  order  to  be  more  'cost  effective.'  Be  sure  to  allow 
discharge  of  sewage  meeting  whatever  degree  of  treatment  is  decided  as 
adequate.  (Don't  get  stuck  with  a  'no  discharge  under  any  circumstances' 
policy.) 

"But  even  if  the  regulation  would  permit  use  of  a  unit  which  treated 
the  waste  on  board  the  conveyance,  there  would  remain  the  question,  as 
Mr.  Smyers  mentioned,  of  'meeting  whatever  degree  of  treatment  is  decided 
as  adequate.' 

"There  has  not  been  shown  to  exist  any  menace  to  public  health  resulting 
from  present  railroad  practices  sufficient  to  justify  the  proposed  regulations 
and,  therefore,  that  such  regulations  are  unwarranted  and  beyond  the  authority 
of  the  Commissioner. 

"The  proposed  regulation  applicable  to  new  equipment  is  unduly  re- 
strictive. Should  need  for  regulation  arise,  it  must  be  such  that  complete 
retention  of  waste  for  disposal  at  servicing  installations  is  not  required,  but 
that  units  which  internally  treat  waste  will  be  permitted. 

"If  internally  treating  units  are  authorized,  criteria  must  be  established 
for  the  effluent. 

"In  view  of  the  current  state  of  the  art,  adequate  time  must  be  pro- 
vided for  the  research,  development,  testing,  manufacture,  and  installation 
of  efficient,  economical  toilet  units. 

"Any  regulation  promulgated  must  give  due  consideration  to  the  eco- 
nomic position  of  the  industry  and  its  ability  to  comply  therewith.  The 
cost/benefit  ratio  must  also  be  considered  in  the  light  of  the  overall  prob- 
lems of  pollution  and  the  requirement  for  industry  to  take  steps  to  eliminate 
recognized  health  hazards. 

"Existing  equipment  which  might  not  comply  with  regulations  adopted 
should  simply  be  phased  out  on  a  normal  attrition  basis  and  retrofitting 
should  not  be  required." 

From  the  above  excerpts,  we  can  readily  see  that  there  is  much  more  to  be 
done  in  the  development  of  a  completely  satisfactory  toilet  for  railroad  use.  This  is 
extremely  important  now  that  power  is  being  interchanged.  There  will  have  to  be 
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some  standardization  of  toilets  in  order  for  them  to  be  properly  maintained  when 
operating  off  line. 

On  June  1,  1971,  the  Food  and  Drug  Administration  issued  an  Order  regulat- 
ing discharges  from  existing  as  well  as  new  railroad  conveyances.  This  order  ap- 
pears under  Part  72 — Interstate  Quarantine,  Sections  72.154 — Railroad  convey- 
ances; discharge  of  wastes.  This  section  states  in  part  that  "Human  wastes,  garbage, 
waste  water,  or  other  polluting  materials  shall  not  be  discharged  from  any  new 
railroad  conveyance  except  at  servicing  areas  approved  by  the  Commissioner  of 
Food  and  Drugs.  In  lieu  of  retention  pending  discharge  at  approved  servicing  areas, 
human  wastes,  garbage,  waste  water  or  other  polluting  materials  that  have  been 
suitably  treated  to  prevent  the  spread  of  communicable  diseases  may  be  dis- 
charged from  such  conveyances,  except  at  stations."  It  also  states  that  the  terms 
"waste  water  or  other  polluting  materials"  do  not  include  drainage  of  drinking 
water  taps  or  lavatory  facilities. 

This  will  apply  to  all  new  equipment  placed  in  service  after  July  1,  1972,  and 
to  existing  equipment  after  December  31,  1974.  Extension  may  be  granted  to 
December  31,   1977,  if  justified. 

The  order  authorizes  internal  treating  units  but  does  not  set  the  criteria  for 
the  effluents.  However,  if  suitable  effluents  can  be  obtained  the  servicing  problem 
will  be  simplified. 

Senator  Charles  Percy  of  Illinois  and  A.  H.  Chesser,  National  Legislative 
Director  of  the  United  Transportation  Union  have  written  to  the  Commissioner 
of  Food  and  Drugs  requesting  that  the  compliance  dates  be  changed  to  January  1, 
1972,  for  new  equipment  and  that  full  compliance  for  retrofitting  existing  equip- 
ment be  December  31,  1974,  with  no  extensions  granted.  These  letters  were  entered 
in  the  Congressional  Record — Senate  on  August  3,  1971.  We  should  realize  that 
it   is  possible  for  the  compliance  dates  to  be  changed. 

Your  subcommittee  has  previously  included  in  its  reports  brief  descriptions 
and  the  advantages  and  disadvantages  of  the  Electric  Incinerator  Toilet,  Combus- 
tion Type  Toilet,  and  Recirculating  Flush-Type  Chemical  Toilet.  Since  then  the 
Microphor  Process  has  been  introduced  for  railroad  use.  This  toilet  has  been 
approved  by  the  National  Sanitation  Foundation,  and  several  railroads  have  i 
small  number  on  test.  It  is  too  early  to  evaluate  its  merits. 

At  this  point,  there  is  no  magical  answer  to  the  best  selection  of  a  toilet  lor 
railroad  conveyances.  Your  subcommittee  will  continue  to  follow  the  matter  and 
report  on  new  developments. 

This   report    is    submitted    as    information    only. 


Report   on   Assignment   7 

Noise  Pollution  Control 

R.  R.  Holmes  (chairman,  subcommittee),  J.  J.  Dwyer,  E.  S.  Johnson,  \Y.  II.  \li  i 
i  in  v.   C.    F.   MUELDER,   A.    D.   Rankins 

Your  committee  presents,  as  information  only,  the  following  preliminary  draft 
of  new  Part  7  of  Chapter  13  of  the  Manual. 
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Part  7 
Noise  Pollution  Control 

FOREWORD 

Noise  has  been  called  the  fourth  form  of  pollution.  It  is  experienced  in  varying 
degrees;  such  as  the  sharp  crack  of  a  pistol,  the  ear-splitting  sounds  of  industrial 
machinery,  and  the  piercing  intensity  of  rock-and-roll  music. 

There  is  an  increasing  awareness  of  noise  as  a  nuisance,  and  there  is  growing 
recognition  of  the  undesirable  effects  of  short-term  noises  as  well  as  the  damaging 
effects  over  the  long  term  to  the  unsuspecting  or  unprotected.  This  recognition  is 
showing  itself  by  federal  and  state  regulations,  by  the  growing  concern  of  industry, 
and   by   the  cognizance   of  the  worker  or  man  on  the  sheet. 

7.1  PURPOSE  AND  SCOPE 

The  study  of  noise  pollution  problems  as  they  affect  railroads,  with  the  ob- 
jectives of  protecting  the  hearing  of  employees  and  meeting  regulatory  agencies' 
standards  of  permissible  noise  levels  at  property  lines. 

7.2  GENERAL  STATEMENT 

7.2.1  The  Occupational  Health  and  Safety  Act  of  1970,  passed  by  Congress, 
and  signed  by  the  President  on  December  29,  1970,  authorized  the  Secretary  of 
Labor  to  establish  safety  standards  for  most  of  the  United  States'  80  million  jobs, 
and  established  a  commission  to  enforce  these  standards.  Although  this  Act  does 
not  directly  apply  to  railroads,  there  is  increased  state  and  municipal  industrial 
noise  legislation  focusing  the  attention  of  the  railroad  industry  to  a  new  area  of 
environmental  pollution — noise  pollution. 

7.2.2  A  panel  sponsored  by  the  Commerce  Department  recently  asserted  that 
noise  is  "on  the  verge  of  a  serious  level,"  and  called  for  new  federal  and  state  regu- 
lations to  protect  Americans  against  hearing  damage  and  annoyance. 

7.2.3  Noise  pollution  is  becoming  a  major  problem  of  industry.  The  influences 
of  noise  effects  on  worker  psychology  and  productivity  has  been  said  to  be  pro- 
found, but  this  is  largely  immeasurable.  However,  such  effects  should  be  a  considera- 
tion when  studying  in-plant  noise  and  plant  design. 

7.2.4  General  Definition  of  Noise — Noise  has  been  defined  as  unwanted 
sound,  unwelcome  sound,  uncomfortable  sound,  sound  out  of  place,  sound  without 
value,   and  vibrational  energy  out  of  control. 

7.3  GENERAL  TYPES  OF  NOISE 

7.3.1  Occupational  Noises 

7.3.1.1  Machinery,  in  plants,  with  metal  to  metal  operating  parts. 

7.3.1.2  High-speed  equipment  such  as  blowers,  compressors  and  fans. 

7.3.1.3  Pneumatic  tools   such  as  jack  hammers   and   chippers. 

7.3.1.4  Looms  in  textile  plants. 

7.3.1.5  Wood-working  tools  such  as  saws,  planers,  etc. 
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7.3.1.6  High-speed  stamping  operations. 

7.3.1.7  Forging,    rolling   or   forming   steel   products. 

7.3.2  Transportation   Noises 

7.3.2.1  Highway   noises   from   tires   at   speeds  exceeding  60  mph  and  from  en- 
gines at  lower  speeds. 

7.3.2.2  Aircraft  noise. 

7.3.2.3  Railroad   locomotive   and   track   noise,   including   rapid   transit  and   rail- 
road classification  yards. 

7.3.3  Community  and  Recreational  Noise 

7.3.3.1  Air  conditioners. 

7.3.3.2  Household  appliances. 

7.3.3.3  Lawn  mowers. 

7.3.3.4  Motor  boats,   minibikes,   snowmobiles,  etc. 

7.3.3.5  Rock-and-roll  music. 

7.4  PHYSICAL  QUALITIES  OF  NOISE 

7.4.1  Frequency — Expressed  as  cycles  per  second  (cps)  or  Hertz  (Hz)  in 
acoustics;  is  most  closely  related  to  what  the  ear  hears  as  pitch,  which  we  think 
of  as  high  ( squeak )  or  low  ( thunder ) .  It  has  also  been  stated  as  the  quality  that 
causes  sound  as  a  bang,  clang  or  thump,  a  scream,  a  whistle  or  a  screech. 

7.4.2  Sound  Pressure  Level — A  quality  related  to  sound  intensity  and  measured 
in  decibels.  It  has  been  said  that  decibels  are  to  sound  as  watts  are  to  electricity. 


7.4.2.1 

Observed 

decibel  values  for  some  typical  sounds  and  noises  from  pub 

lished  sources: 

Decibels 

Noise  or  Sound  Source 

180 

Rocket  launching   pad 

140 

Shotgun  bias; 
Jet  plane  take-off 

120 

(Threshold   of  pain) 
Loud  rock-&-roll  music 
Chipping  hammer 

115 

Locomotive  whistle 

110 

Riveter 

Loud  motorcycle 

LOO 

Subway 

Loud   power   mower 

90 

Noisy   shop  or   factory 

85 

Diesel   locomotive   idling 

70 

Freight   trains  at    100   It 
Average  office 

60 

Normal  conversation 

40 

taerage  home 

0 

Threshold  of  acute  hearing 
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7.5  ANALYSIS  OF  NOISE  EXPOSURE 

7.6  MEASUREMENT  INSTRUMENTS 

7.6.1  Sound  Level  Meter 

7.6.1.1  Meter  can  measure  total  sound  at  its  location  if  the  sound  is  steady; 
that  is,  if  its  fluctuations  are  not  rapid,  such  as  from  an  impact. 

7.6.1.2  Light,  compact,  battery-powered  instrument  consisting  of  a  micro- 
phone, an  amplifier  and  an  output  meter  calibrated  in  decibels.  Most  noise  surveys 
use  the  "A"  weighted  scale  (dBa).  However,  the  decibel  and  the  meter  does  not 
show  a  practical  physical  measure  of  the  effect  of  sound  upon  man.  Such  a  meter 
does  not  exist. 

7.6.2  Octave — Band  Analyzer 

7.6.2.1  A  practical  instrument  reading  in  cycles  per  second  to  use  in  field 
measurements  of  frequency.  Since  the  sensitivity  of  the  ear  varies  with  frequency, 
this  instrument  indicates  frequency  and  is  particularly  useful  to  acoustical  engineers. 
Standards  for  this  meter  have  been  established  by  the  American  National  Standards 
Institute.  Although  it  measures  pressure  levels,  it  does  not  measure  qualities  of 
sound  to  which  humans  respond. 

7.7  LEGISLATION  AND  PROGRAMS 

7.7.1  General — Many  states  now  allow  income  compensation  for  work-induced 
hearing  loss.  Maximum  benefits  range  from  $1,295  to  $11,000  for  hearing  loss  in 
one  ear  and  from  $3,500  to  $33,000  for  both  ears.  In  many  cases,  the  state  and 
local  ordinances  do  not  spell  out  actual  decibel  violations  limits,  and  the  mere 
existence   of  codes   does  not  necessarily  mean  they  are  enforced. 

7.7.2  Walsh^Healey  Noise  Regulations — revised  May  20,  1969.  Present  standard 
for  the  Occupational  and  Safety  Act  of  1970  and  probable  guide  for  other  state 
and  municipal  legislation. 

7.7.2.1  Permissible  Noise  Exposure — established  by  Walsh-Healey  Act  of  May 
1969. 

Duration  per  Day,  Hours  Sound  Level  dBA 
8  90 

6  92 

4  95 

3  97 

2  100 

m  102 

1  105 

K  110 

/4  or  less  115 

7.7.2.2  Covers  all  government  contracts  for  procurement  of  goods,  supplies, 
materials,  etc.,  in  excess  of  $10,000. 

7.7.3  Proposed  Clean  Air  Amendments  S.3229,  coordinates  federal  approach  to 
noise  control  by  including  a  provision  to  establish  an  office  of  noise  abatement  and 
control. 
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7.7.4  Other  Federal  noise  abatement  programs  are  being  progressed  in  NASA, 
HUD,  and  HEW. 

7.7.4.1  HEW's  Bureau  of  Occupational  Health  and  Safety  (Cincinnati,  Ohio) 
heads  the  federal  program  dealing  with  health  aspects  of  noise. 

7.7.5  A  California  Code  prohibits  noise  levels  in  excess  of  82  dBA  for  passenger 
cars  and  92  dBA  for  trucks  and  buses. 

7.7.6  A  New  York  regulation  states  noise  is  excessive  at  88  dBA  when  50  ft 
from  a  vehicle  traveling  at  35  mph. 

7.8  DEFINITIONS 

7.8.1  Amplitude — One  of  three  measurements  of  the  vibration  of  a  sound 
wave.  The  others  are  frequency  and  wavelength. 

7.8.2  Decibel  (dB) — Unit  of  sound  pressure,  i.e.,  a  logarithmic  ratio  of  a 
given  sound  pressure  to  a  specified  reference. 

7.8.3  Decibel  Scale — Expresses  magnitude  of  the  pressure  fluctuation  on  a 
logarithmic  scale,  and  indicates  relative  intensity  of  sounds.  However,  there  is  a 
dubious  relationship  between  decibel  level  and  loudness. 

7.8.4  Fbequency — One  of  the  three  measurements  of  a  sound  wave  along  with 
amplitude  and  wavelength.  It  is  directly  related  to  a  sound's  pitch,  and  is  the 
number  of  cycles  per  second  of  a  sound  wave.  Loudness  varies  with  frequency. 

7.8.5  Intensity — The  strength  of  a  sound,  usually  measured  by  the  amplitude 
of  its  wave.  Intensity  which  the  brain  perceives  as  loudness  is  also  measured  in 
decibels. 

7.8.6  Pitch — The   highness    and    lowness   of   sound 

7.8.7  A  Scale  (dBA) — Approximates  the  ear's  response  to  frequency  over 
the  lower  range  of  sound  pressure  level,  i.e.  below  55.  The  A  Scale  has  been 
adopted  as  standard  in  the  Walsh-Healey  Begulations.  In  general,  it  correlates 
well  with  human  ear  response  to  a  variety  of  noises. 

7.8.8  C  Scale — The  only  one  which  indicates  the  actual  sound  pressure.  Ii 
gives  a  flat  response  across  the  entire  sound  spectrum. 
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(E)    Member  Emeritus. 

Those   whose    names    an-    shown    in   boldface,    in   addition  to  the  chairman,   vice  chairman   and 
Secretary,   are  the   subcommittee   chairmen. 

To  the  American  Railway  Engineering  Association: 

Your   committee   reports    on    the   following   subjects: 

B.  Revision  of  Manual. 

Several  Manual  recommendations  involving  Part  1 — Terminals,  Part  2 
— Passengei  Terminals,  and  Part  3 — Freight  Terminals  of  Chapter  14, 
submitted  for  adoption,  arc  published  in  Part  1  of  this  Bulletin. 

1.  Classification  yards,  collaborating  as  necessary  or  desirable  with  Com-' 
mittee  16. 

A  study  <>f  snow  removal  methods  and  appurtenances  used  in  yards  and 
terminals,  presented   as  information    page  -2fS 

2.  Scales  used  in  railway  service,  collaborating  as  necessary  or  desirable 
with  AAB  Engineering  Division  Committee  on  Electrical  Faculties — ■ 
Fixed  Pro pcit 

The  subcommittee  is  currently  preparing  specifications  governing  tin 
testing  oi  scales  designed  for  coupled-in-motion  and  uncoupled-in- 
motion  weighing.  No  progress  report  Is  included  herein, 
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3.  Length  of  freight  cars  as  basis  for  track  capacity 

Basic  data  has  been  assembled  and  the  report  will  be  presented  for  pub- 
lication next  year. 

4.  Urban  mass  transportation: 

(a)  Yards  for  storing  and  cleaning  passenger  cars. 

(b)  Station  and  terminal  facilities. 

(c)  Parking  facilities  at  stations. 

A  preliminary  report  has  been  prepared  but  requires  further  refinements 
in  view  of  recent  developments.  A  final  report  will  be  presented  next 
year. 

5.  Terminal  facilities   for  container  handling. 

Progress    report,    presented    as    information,    with    recommendation    the 

.subject  be  discontinued page  228 

The  Committee  on  Yards  and  Terminals 

G.  H.  Charot,  Chairman 


Report  on   Assignment   1 

Classification  Yards 

C.  F.  Intlekofer  (chairman,  subcommittee),  H.  D.  Armstrong,  J.  K.  Aust,  R.  F. 
Beck,  A.  E.  Biermann,  G.  P.  Burns,  G.  H.  Charot,  J.  F.  Chandler,  M.  K. 
Clark,  J.  A.  Comeau,  F.  D.  Day,  J.  B.  Kerry,  C.  J.  Lapinski,  S.  N.  Mac- 
Issaac,  J.  G.  Martin,  R.  G.  Moffat,  L.  J.  Riekenrerg,  W.  D.  Slater, 
C.  E.   Stoecker,  Howard  Watts,  Jr. 

Snow  Removal  in  Yards  and  Terminals 

Your  committee  submits  as  information  a  description  of  snow  removal  methods 
and  appurtenances  used  in  yards  and  terminals. 

Each  railroad  has  developed  its  snow  removal  methods  on  the  basis  of  its 
history  of  wrestling  with  the  problem.  It  is  probable  that  methods  now  in  use  are 
the  most  practical,  but  maintenance  officers  should  continually  look  for  new  equip- 
ment and  new  methods. 

Track  maintenance  officials  of  railroads  in  the  United  States  and  Canada  were 
asked  to  describe  their  methods  of  snow  removal  in  terminals  and  to  comment  on 
their  effectiveness.  The  replies  indicate  that  each  road  has  methods  that  are  tradi- 
tional with  that  road  and  tailored  to  its  climate  and  particular  conditions. 

The  methods  and  equipment  used  to  handle  snow  in  terminals  are  numerous: 

1.  Switch  broom — manual  labor. 

2.  Kerosene — spread  and  burned. 

3.  Salt — manually  or  mechanically  spread. 

4.  Liquid  de-icer — sprayed  on  rails. 

5.  Propane,   natural  gas  and  electric  switch  heaters. 

6.  Infra-red  heaters. 

7.  Oil  and  kerosene  pots  between  ties. 

8.  Oil-fired  hot-air  heaters. 

9.  Compressed  air  switch  blower    (stationary — automatic). 
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10.  Hand  shovels. 

11.  Rotary  switch  hrooms. 

12.  Weed  burners. 

13.  Flame  throwers. 

14.  Jet  engine  blowers. 

15.  Fan  blowers. 

16.  Compressed    air    blowers — mobile    compressor. 

17.  Flangers. 

18.  Ballast  regulator  equipped  with  switch  broom  and  snow  blower. 

19.  Truck  plows. 

20.  Track  plows,  spreaders,  ditchers  and  cut  wideners. 

21.  Tie  crane  with  snow  bucket. 

22.  Front-end  loaders  and  conveyors. 

23.  Crane  with  clam  shell  or  bucket. 

24.  Dozers — crawler  or  rubber-tired. 

25.  Rotary  plows. 

26.  Motor  patrol  graders. 

27.  Locomotive — constantly  moving. 

28.  Snow  plows. 

Most  northern  roads  use  switch  heaters  in  their  more  important  switches.  Some 
have  a  snow  detector  to  activate  them  while  others  are  remotely  controlled.  Salt  is 
widely  used  in  switches  and  on  platforms.  A  mechanical  spreader  is  advantageous 
on  platforms  as  it  speeds  the  work  and  saves  salt.  A  liquid  de-icer  with  about  four 
times  the  melting  ability  of  salt  has  been  found  to  be  very  effective.  It  is  usually- 
sprayed  on  the  rails  with  hand  sprayers.  In  one  Canadian  terminal,  kerosene  is 
spread  around  switches  and  burned.  Oil  and  kerosene  pots  burning  between  ties 
is  a  time-tested  method,  but  strong  winds  or  heavy  snows  will  sometimes  extinguish 
open  flames.  Air  compressors  mounted  on  a  truck  or  on  a  push  car  and  air  guns 
are  reported  to  be  fairly  useful  in  cleaning  switches.  A  tie  crane  equipped  with  a 
snow  bucket  can  remove  snow  from  around  switch  stands. 

As  the  snowfall  increases,  heavier  equipment  is  brought  in.  Rotary  brooms, 
ballast  regulators,  plows  on  trucks  and  jet  blowers  are  useful  pieces  of  equipment, 
as  are  flame  throwers  and  weed  burners  for  melting  snow.  Motor  patrol  graders, 
track  dozers,  spreaders  or  rotary  track  plows  may  lie  used  if  there  is  available 
space  for  the  snow  alongside  the  tracks.  Track  and  truck  plows  to  windrow  the 
snow  followed  by  conveyors  or  front-end  loaders  are  the  best  types  of  equipment 
for  loading  snow  into  trucks  or  gondolas.  Dozers  and  front-end  loaders  are  most 
useful  and  said  to  be  indispensable  in  handling  heavy  snow  in  terminals.  An  ex- 
pensive but  sometimes  necessary  practice  is  operation  of  an  engine  over  tracks  to 
keep  them  open. 

Maintenance  officers  agree  that  no  one  method  or  piece  of  equipment  is  en- 
tirely satisfactory  and  that  better  equipment  is  needed.  Reliability  is  a  vital  factor 
in  snow  handling  machinery. 

All  maintenance  people  involved  in  snow  removal  in  terminals  agree  to  the 
following  principles: 

1.  There  should  be  a  snow  removal  plan. 

2.  All  equipment  to  be  used  should   be  in  good  working  condition   before 
the  snow  season  arrives. 
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3.  Equipment   operators  should   know   their  particular  assignment. 

4.  Equipment  operators  should  be  trained  thoroughly  in  the  operation  and 
maintenance  of  their  machine. 

5.  If  outside  contractors  and  their  equipment  are  used,  pre-season  meetings 
should  be  held  with  the  contractors  to  discuss  the  snow  removal  plan. 

The  efficient  removal  of  snow  in  yards  and  terminals  is  important  to  the  wel- 
fare of  each  railroad  confronted  with  this  problem.  Those  officers  responsible  for 
this  work  are  often  challenged  with  a  tremendous  task  in  keeping  tracks  open  and 
trains  operating.  It  behooves  them  to  be  resourceful  and  to  investigate  any  method 
which  may  get  the  job  done  faster  and  with  least  cost. 


Report  on   Assignment  5 

Terminal  Facilities  for  Container  Handling 

P.  E.  Van  Cleve  (chairman,  subcommittee),  H.  D.  Armstrong,  R.  F.  Beck,  H.  R. 
Beckmann,  A.  E.  Biermann,  H.  L.  Bishop,  W.  P.  Boothroyd,  R.  E.  Bred- 
berg,  H.  E.  Buchanan,  G.  P.  Burns,  B.  E.  Buterbaugh,  J.  F.  Chandler, 
G.  H.  Chabot,  M.  K.  Clark,  H.  P.  Clapp,  D.  V.  Clayton,  J.  A.  Comeau, 
E.  H.  Cook,  B.  E.  Crumpler,  A.  V.  Dasburg,  F.  D.  Day,  P.  J.  DeIvernois, 
V.  F.  Demarais,  D.  C.  Hastings,  Wm,  J.  Hedley,  L.  J.  Held,  F.  A.  Hess, 
C.  F.  Intlekofer,  D.  B.  Kendall,  A.  S.  Krefting,  V.  L.  Ljungren,  E.  T. 
Lucey,  S.  N.  MacIsaac,  G.  W.  Mahn,  Jr.,  H.  J.  McNally,  J.  G.  Martin, 
Alexander  Matthews,  Jr.,  R-  E.  Metzcer,  R.  G.  Moffat,  W.  L.  Patterson, 
W.  H.  Pollard,  J.  M.  Randles,  L.  J.  Riekenberg,  R.  J.  Samoska,  C.  E. 
Stoecker,  Jack  Sutton,  K.  D.  Tidwell,  L.  G.  Tieman,  A.  J.  Trzeciak,  How- 
ard Watts,  Jr.,  P.  C.  White,  C.  C.  Yespelkis. 

Your  committee  presents  this  report  as  information,  with  the  recommendation 
that  the  subject  be  discontinued. 

This  report  outlines  the  features  of  terminals  designed  exclusively  for  con- 
tainer handling.  In  some  cases,  an  insufficient  or  sporadic  volume  of  container 
traffic  may  require  that  the  containers  share  the  terminal  with  other  forms  of 
freight.  The  same  design  principles  should  be  applied  whenever  possible  in  shared 
terminals.  Because  of  the  similarities  of  equipment  and  plant  in  trailer  and  con- 
tainer terminals,  it  is  often  not  only  necessary  but  economically  desirable  to  com- 
bine  them   in   inland   terminals. 

General 

A  prime  advantage  of  the  container  is  that  it  provides  a  form  of  intermodal 
freight  transportation  that  minimizes  the  in-transit  time  and  cost  of  freight  transfer 
To  capitalize  on  this  advantage,  it  is  important  to  provide  terminal  facilities  capable 
of  fast  and  efficient  transfer  of  containers  from  one  mode  of  transportation  to 
another. 

In  theory,  the  most  efficient  waterfront  terminal  would  be  one  which  provides 
for  a  direct  rail-ship  or  ship-rail  transfer.  Similarly,  the  most  efficient  inland  termi- 
nal would  be  one  which  provides  for  a  direct  rail-truck  or  truck-rail  transfer.  The 
direct  transfer  concept  may  be  possible  in  certain  cases.  However,  it  requires  tre- 
mendous efficiencies  in  scheduling,  since  idle  time  of  transportation  equipment  must 
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be  avoided.   Therefore,   the  normal  container  terminal   requires  parking  or  storage 
as   an   interim   stage   of  container   transfer. 

Location 

The  inland  terminal  should  he  centrally  located  with  respect  to  major  distribu- 
tion areas.  Both  the  waterfront  and  inland  terminals  should  be  situated  close  to  a 
yard  where  switching  service  is  readily  available.  If  possible,  the  container  terminal 
should  also  be  situated  strategically  with  respect  to  the  main  line  so  that  the 
"through  yard"  handling  time  can  be  minimized  or  eliminated. 

Size 

Because  of  the  rapid  increase  in  the  use  of  containers,  ample  space  should  be 
provided  for  future  expansion. 

The  capacity  of  the  loading  and  unloading  tracks  is  dictated  by  anticipated 
average  and  maximum  volumes,  capacity  of  nearby  car  storage  tracks  and  avail- 
ability of  switching  service. 

Container  storage  and  parking  capacity  should  be  based  on  maximum  antici- 
pated volume.  Calculation  of  the  area  needed  requires  consideration  of  a  multitude 
of  factors,  including  the  following: 

(1)  Size  of  containers.  Containers  come  in  a  variety  of  sizes.  However, 
progress  is  being  made  in  size  standardization,  with  the  generally 
accepted  standard  being  8  ft  x  8  ft,  varying  in  length  from  10  ft  to 
40  ft.  For  calculating  storage  areas,  an  8-ft-square  by  20-ft-long  con- 
tainer is  used.  This  requires  an  actual  storage  area  of  832  ft  by  21  ft. 

(2)  Type  of  stacking  used.  (See  Fig.  1).  This  can  be  divided  into  two 
methods,  as  follows: 

a.  Block  Stacking  (or  Block  Stacking  by  Destination).  This  method 
is  applied  mainly  to  waterfront  terminals  where  large  volumes  of 
containers  are  consigned  to  a  single  or  limited  number  of  destina- 
tions. It  can  also  be  used  for  storage  of  empty  containers  at  inland 
terminals. 

1).  Ribbon  Stacking.  This  requires  more  space,  but  allows  100  percent 
selectivity.  Containers  can  be  stacked  two  or  three  high  provided 
gaps  are  left  to  avoid  excessive  redeployment  in  reaching  a  particu- 
lar container.  The  ribbon  stacking  method  must  be  used  if  con- 
tainers have  to  be  opened  for  customs  inspection. 

At  inland  terminals  the  areas  next  to  the  hacks  ran  he  used 
temporarily  for  inbound  containers,  if  early  pick-up  by  truckers  is 
anticipated. 

(3)  Type  of  equipment  used  lor  intra-terminal  transport  and  stacking  <>f 
containers.  This  dictates   the   width  of  roads  and   aisles. 

(4)  Time  needed   for  Customs    shipline  and  brokers'   releases. 

(5)  Consignee's   availability  to  accept  delivery  at  inland   terminals. 

(6)  Availability  of  rail  cars. 

(7)  Number  of  empty  containers  that  must  be  maintained  at  inland  termi- 
nals for  anticipated   outbound  traffic. 

(8)  Schedule  of  ships  at  waterfront  terminak 
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BLOCK       STACKING 


A 

-  |  B 

STACK  CAN  BE  BROKEN 
DOWN  FROM  ONE  AISLE 
(A)  OR  2  AISLES  (At  B) 


BLOCK     STACKING    ACCORDING   TO  DESTINATION 


NOTE:  AISLES  SHOULD  BE 
OF  SUFFICIENT  WIDTH 
TO  ALLOW  OPERATION 
RIBBON    STACKING   (100%  SELECTIVITY)  J      OF  CONTAINER  HANDLING 

EQUIPMENT 


LEFT'-  CONTAINERS    ARE 
STACKED    FOR  HANDLING 
BY  SIDE    LOADING    EQUIP- 
MENT 

RIGHTS  CONTAINERS  ARE 
STACKED  FOR  HANDLING 
BY  STRADDLE  CARRIER 


SIDE     VIEW  -  Possible   Techniques   for  Ribbon  Slackinq 

r~n  r~n  m  ■  -  T~°  hi<b 


j   —  Three  hiqb 


Fig.    1 — Typical    container  stacking    methods. 
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(9)  Capabilities  of  the  stuffing  (packing)  or  stripping  (unpacking)  plant, 
if  this  work  is  performed  at  the  terminal. 
(10)   Areas  required  for  specialized  handling  of  refrigerated  containers. 

Equipment 

The  design  of  the  terminal  is  determined  hy  the  type  of  equipment  selected  to 
handle  the  containers.  Equipment  size  and  operating  areas  determine  the  track  con- 
figuration and  spacing,  width  of  roadways  and  aisles  in  the  container  parking  areas, 
and   the   space   needed   at   the  waterfront. 

The  ship-shore  transfer  can  he  made  hy  hoom-type  cranes,  or  rail-mounted  over- 
head cranes  that  travel  along  the  wharf  or  pier.  The  continuing  development  of 
specialized  containerships  has  resulted  in  the  use  of  stern  loading  vessels  which 
adopt  the  roll-on,  roll-off  principle.  Stern  loading  can  be  done  hy  forklift  equip- 
ment, side  loading  equipment,  or  trucks  with  flat-bed  trailers. 

The  rail-truck  transfer  can  be  made  by  fork-lift  or  side  loading  equipment,  or 
by  rail-mounted  or  rubber-tired  overhead  cranes  that  traverse  the  working  length 
of  the  tracks. 

Intra-terminal  movements  can  be  made  by  fork-lift  or  side  loading  equipment, 
or  straddle  cranes.  Trucks  with  flat-bed  trailers  can  also  be  used,  particularly  for 
direct  moves  between  overhead  cranes  at  waterfront  and  railroad. 

Design 

Fig.  2  shows  the  design  of  a  typical  waterfront  terminal.  In  this  plan,  overhead 
cranes  are  used  for  both  ship  and  rail  loading-unloading.  The  container  parking  area 
is  in  the  middle.  A  track  for  direct  ship-rail  transfer  is  shown  as  an  optional  item. 

Fig.  3  shows  the  design  of  a  typical  inland  terminal.  The  rail  loading-unloading 
area  is  designed  for  transfer  of  containers  by  fork-lift  equipment.  Fig.  3a  shows  the 
layout  of  the  rail  loading-unloading  area  designed  for  transfer  of  container  by  over- 
head crane.  In  this  plan,  the  traveling  crane  is  of  sufficient  width  to  encompass  road- 
ways on  both  sides  of  the  tracks.  This  permits  direct  rail-truck  transfer  or  temporary 
container  parking. 

Buildings  are  needed  for  stuffing  and  stripping,  if  this  work  is  performed  at  the 
terminal.  A  stuffing-stripping  shed  is  shown  as  an  optional  item  on  Fig.  3.  Scales 
may  be  needed  lor  weighing  containers. 

Surface 

The   container   terminal   property  should   have   good   soil   and   bearing   conditions. 

The  height  and  concentration  of  container  parking  could  be  limited  by  pool 
soil  l>earing  conditions. 

The  terminal  should  be  \\<11  drained  and  preferably  paved.  Heavy-duty  paving 
is  required  for  the  areas  traversed  by  die  wheels  of  rubber-tired  overhead  cranes. 
It  is  also  recommended  for  the  areas  where  fork-lift  type  unloading  equipment  is  used, 
due  to  the  heavy  concentration  of  weight  on  the  front  wheels  under  load. 

It  is  preferable  to  have  container  parking  areas  pa\ed.  with  container  parking 
spots,  aisles,  and  blocks  painted  and  identified  liy  a  lettering  or  numbering  system. 
The  identification  may  be  supplemented  by  signs. 
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Fencing 

Consideration  should  be  given  to  providing  fencing  and  gates,  particularly  if 
the  terminal  is  subject  to  pilferage  or  vandalism.  A  chain-link  fence  topped  with 
a  barbed  wire  anti-climb  is  commonly  used. 


Lighting 
Tl 
not  anticipated 


ing 

The  terminal  should  have  sufficient  lighting  for  night-time  operations.  If  this  is 

anticipated,  lighting  should  be  provided  for  security  purposes. 

Buildings 

Buildings  which  may  be  needed  are: 

(1)  Offices  for  general  administration  of  the  terminal. 

(2)  Washrooms  and  locker  rooms  for  the  personnel. 

(3)  Shops  for  maintenance  and  repair  of  containers  and  handling  equipment. 

(4)  Sheds  for  stuffing  and  stripping. 

(5)  Warehouses. 
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(E)    Member  Emeritus. 

Those  whose   names   are   shown   in   boldface,   in   addition  to  the  chairman,  vice  chairman  and 
secretary,   arc  the  subc mittee  chairmen. 

To  the  American  Railway  Engineering  Association: 

Your  committee  reports  on  the  Following  subjects: 

B.  Revision  of  Manual. 

Work  during  the  pasl  year  has  continued  on  the  reshaping  oi  Section  4 
of  Chapter  16  oi  the  Manual.  Also,  a  proposed  section  on  Terminals 
has  been  prepared  and  is  being  revised  at  the  present  time.  This  com- 
mittee is  now  considering  a  new  section  For  the  Chapter  that  would 
cover  applications  of  industrial  engineering. 

I.  s 1 1 if  1  >  oplimum  length,  speed  and  weight  ol  Freight  trains  under  vary- 
inu'  traffic  and  competitive  and  operating  conditions  relating  to  (a)  bal- 
anced  trains,    (b)    long   train   operation,   and    (c)    short   train   operation. 

A  report  on  tins  subject  lias  been  prepared,  but  approval  lias  been  with- 
held until  the  Fiiiii.it>  meeting  due  to  the  need  for  some  additional 
te\  iew  ol  the  subject. 
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2.  Engineering  methods  and  economic  considerations  involved  in  improv- 
ing the  quality  of  transportation  service. 

An  outline  has  been  prepared,  but  work  on  the  assignment  has  prog- 
ressed very  slowly. 

3.  Determination  of  maintenance  of  way  expense  variation  with  various 
traffic  volumes  and  effect  of  using  such  variations,  in  terms  of  equated 
mileage  or  other  derived  factors,  for  allocation  of  available  funds  to 
maintenance  of  way,  collaborating  as  necessary  or  desirable  with  Com- 
mittees 11  and  22. 

Progress   report,   presented  as  information,   tracing  the  history  of  the 

subject      page  239 

4.  Economic  evaluation  of  methods  for  reducing  the  probability  of 
derailments. 

An  outline  for  this  new  assignment  has  been  developed,  but  no  infor- 
mation is  yet  ready  for  publication. 

5.  Location  and  operation  of  metropolitan  transit  systems  as  related  to 
current  railway  operations. 

A  fourth  report  on  this  assignment  entitled  "Use  and  Acquisition  of 
Railroad  Facilities  by  Rapid  Transit  Systems"  was  published  in  Bulletin 
634,  September-October  1971,  with  the  recommendation  that  this 
assignment  be  closed  out. 
7.  Applications  of  industrial  engineering  functions  to  the  railroad  industry. 
The  final  report  on  "Optimum  Location  of  Hotbox  Detectors"  was  pub- 
lished in  Bulletin  634,  September-October  1971. 

Report  on  "Development  and  Application  of  Yard  Crew  Performance 
Measures,"  presented  as  information    page  241 

The  Committee  on  Economics  of  Plant,  Equipment  and  Operations, 

Thomas  J.  Lamphier,  Chairman. 
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Report   on   Assignment   3 

Determination  of  Maintenance  of  Way  Expense  Varia- 
tion with  Various  Traffic  Volumes  and  Effect  of 
Using  Such  Variation,  in  Terms  of  Equated 
Mileage  or  Other  Derived  Factors,  for 
Allocation  of  Available  Funds 
to  Maintenance  of  Way 

T.  C.  Nordquist  (chairman,  subcommittee),  F.  Wascoe  (vice  chairman,  subcommit- 
tee), D.  E.  Brunn,  L.  P.  Diamond,  G.  B.  Dutton,  Jr.,  P.  C.  Fuller,  R.  L. 
Gray,  A.  M.  Handwerker,  W.  W.  Hay,  L.  W.  Haydon,  R.  P.  Hoffman, 
G.  R.  Janosko,  R.  J.  Kemper,  K.  L.  Lawson,  M.  V.  Price,  A.  L.  Sams,  L.  K. 
Sillcox,  T.  H.  Sjostrand,  C.  W.  Sooby,  A.  J.  Strobel,  R.  Turner,  T.  D. 
Wofford,  Jr. 

Committee  16  has  been  concerned  with  track  maintenance  costs  since  1936 
when  the  Yager  formula  was  accepted  and  included  in  the  Manual  after  much  inves- 
tigation and  consideration.  The  Yager  formula  was  a  "rule  of  thumb"  model  that 
included  allowances  for  capital  investment,  type  of  traffic  and  change  of  traffic 
density,  and  comparisons  made  to  a  base  period.  Full  use  of  the  formula  required 
many  estimates  and  assumptions  for  computations  which,  in  turn,  varied  the  results 
to  the  same  degree. 

Continued  use  of  the  formula  brought  out  its  deficiencies,  especially  its 
composite  example  that  cited  expense  varied  one-third  with  traffic;  which  by  test, 
varied  one-half  with  traffic.  It  was  in  1948  that  Committee  16  started  revision  of 
the  basic  formula.  The  experience  of  a  heavy  increase  in  traffic  during  and  subse- 
quent to  World  War  II  indicated  that  maintenance  expense  was  affected  to  a  greater 
extent  by  useage  than  by  mileage.  Four  revisions  of  the  formula  were  drafted  and 
tested;  none  was  found  satisfactory.  In  June  1955,  Committee  16  joined  Committee 
11 — Engineering  and  Valuation  Records  (now  Engineering  Records  and  Property 
Accounting),  to  "Remove  Yager  Formula  from  Manual  of  Recommended  Practice." 
By  this  action  Committees  11  and  16  were  committed  to  the  development  of  a 
new  formula  or  model  that  could  answer  the  basic  needs,  as  follows: 

1.  A   budget  for   management   to   allocate  funds   in   future   periods    for   men, 
material,  equipment  to  produce  adequate  track  for  definite  useage. 

2.  Development   and    division   of   rates   to  yield   adequate  revenues   which  in 
turn  must  he  shared  with  the  track  man. 

3.  To  analyze  railroad  networks  and  routes  to  determine  means  and  methods 
for  simplification   and   modification   for  merger  and  consolidation. 

Using  the  above  as  a  goal,  Committee  LG  proceeded  to  seek  out  all  existing 
data,  past  research  and  availabilit)  ol  new  tools  to  further  the  development  of  a 
new  model.  Over  the  years  several  studies  had  been  made  on  the  economical  Bize 
of  rail  for  different  traffic  conditions.  Tin's  Introduces  the  two  principal  considera- 
tions: first — the  characteristics  ol  the  traffic  md  second — the  characteristics  of  the 
track  structure.  Considering  first  the  characteristics  of  the  many  types  ol  rail  cai 
traffic,  there  are  several  that  have  an  influence  on  track  maintenance    requirements. 
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Some  of  these  are:  poorly  lubricated  center  plate,  tight  side  bearings,  wheel  condi- 
tion, eccentric  wheels,  wheels  with  flat  spots,  ratio  of  loaded  cars  to  empty  cars,  etc. 
However,  it  was  felt  that  all  of  these  would  not  have  any  great  direct  significance 
and  would  average  out  over  a  year's  time;  therefore,  considering  the  track  structure 
only  was  deemed  necessary.  Of  course,  a  double  track  ore  line  or  similar  operation 
would  be  an  exception  to  the  above. 

Collecting  of  data  had  been  started  and  a  considerable  amount  collected  from 
26  Class  I  Railroads.  Finally,  in  1954,  the  formula  Y  =  0.9995  +  0.3810X  (X  and  Y 
are  defined  below),  was  developed  using  the  data  collected.  Then  in  1956,  by  using 
least  squares  to  analyze  this  data  of  the  26  railroads  collected  over  the  eight-year 
period,  the  formula  Y  e=  1.1876  +  0.4045X  was  developed.  This  then  evolved  fur- 
ther to  other  work  being  done,  and  in  the  year  1957  this  committee  issued  a  progress 
report  proposing  a  straight  line  formula  to  measure  the  changes  in  cost  with  the 
changes  in  traffic  volume  by: 

Y  =  a  +  b  x 

where  y  =  maintenance  per  mile  of  track  excluding  depreciation  and  amortization 
x  =  density  in  total  gross-ton-miles  per  mile  of  track,  freight  and  passenger 
a  =  a  constant  to  be  determined,  or  the  maintenance  cost  if  no  traffic 
b  =  the  rate  of  change  in  maintenance  cost  with  changes  in  traffic  density 

Full  discussions  of  the  above  can  be  found  on  pages  353  to  359,  inch,  Volume 
58,  "Proceedings  of  the  AREA"  year  1957,  and  pages  20  to  27,  inch,  "Costs — A 
Tool  for  Railroad  Management,"  by  E.  C.  Poole. 

Following,  in  1958,  a  regression  analysis  was  made  of  the  1956  formulas  which 
yielded  the  following: 

Not  Weighted   Y  =  1.3190  +  0.4800X 

Weighted  on  GTM    Y=  1.4229  +  0.4496X 

Weighted  on  Miles  Track Y  =  1.3009  +  0.4723X 

All  of  these  formulas  indicate  a  uniform  constant  plus  a  variable  which  is 
linear  with  density.  However,  cost  studies  being  made  found  that  a  parabola  fits  an 
empirical  cross-section  and  time-series  data  better  than  it  does  a  straight  line. 
Another  aspect  of  this  concept  is  given  in  the  form  of  a  parabolic  curve  as  follows: 

X=  0.48  (Y  +  l)1-1 

Again  the  subcommittee  submitted  a  progress  report  which  was  included  in 
AREA  Bulletin,  Vol.  64,  No.  574,  pages  113  through  115,  and  introduced  a  formula 
that  had  been  derived  from  cost  information  collected  over  a  period  of  years.  The 
formula  proposed  was: 

A   =  F  (0.5  +  D0"35) 

where  A  =  amount  of  annual  track  maintenance  cost  per  mile  of  track 

F  =  constant  based  on  labor  costs,  productivity  and  material  prices 
D  =  traffic  density  in  millions  of  gross  tons  per  year 

It  was  not  until  1961  that  funds  for  a  research  project  were  first  authorized 
by  the  AAR  Research  Center  for  investigation  of  maintenance  of  way  costs.  How- 
ever, it  was  as  late  as  1965  before  any  active  course  was  taken.  Data  from  42 
selected  and  representative  miles  of  Chesapeake  &  Ohio  track  were  submitted  to 
the   contractor,  IIT  Research  Institute,  for  analysis  and  the  development  of  a  cost 
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formula.  Finally  in  December  1966,  a  report  was  issued  by  IITRI  titled  "Preliminary 
Econometric  Modeling  for  Track  Maintenance  Requirements."  The  report  as  sub- 
mitted was  rejected  by  the  subcommittee  and  reasons  for  the  rejection  were  reported 
in  AREA  Proceedings,  Bulletin  609,  Volume  69,  page  126.  Prior  to  the  submission 
of  the  above  report,  a  report  was  made  by  the  AAR  Research  Center  entitled  "Pre- 
liminary Study  of  Maintenance  of  Way  Costs."  A  digest  of  this  report  was  published 
in  AREA  Proceedings,  Bulletin  615,  Volume  70,  pages  75  through  94.  Included  in 
this  report  is  a  summary  of  Computed  Track  Maintenance  Costs  (Table  7)  which 
were  plotted  and  generated  the  following  formula: 

E  =  500  +  4.6  D0i 

The  above  illustrates  the  depth  of  the  investigation  made  to  date  for  a  new 
approach  to  allocation  of  maintenance  of  way  costs  in  a  more  consistent  manner 
than  the  Yager  formula.  Two  approaches  have  been  developed  for  devising  a  means 
for  further  explanation  and  allocation  of  track  maintenance  expense.  The  one  con- 
sensus is  that  research  should  be  continued  with  all  existing  data  being  used  and 
expanded.  The  objectives  to  be  set  will  relate  costs  to  physical  track  factors  based 
upon  verified  accurate  data. 

The  other  approach  is  to  consider  the  interaction  of  track  and  equipment  in 
the  form  of  derailments,  unit  train  operation  and  other  specific  problems  brought 
about  by  special  equipment.  This  concept  would  also  consider  the  basic  track  struc- 
ture and  determine  what  can  be  done  in  its  present  form  or  by  redesign  in  a  form 
that  will  effectively  reduce  maintenance  expense. 


Report   on   Assignment  7 

Applications  of  Industrial   Engineering   Functions 
to  the  Railroad   Industry 

K.  W.  Bradley  (chairman,  subcommittee),  R.  D.  Penhallegon  (vice  chairman, 
subcommittee),  W.  J.  Dixon,  J.  J.  Kami,  P.  C.  Fuller,  A.  M.  IIandwehkek. 
H.  P.  Hoffman,  R.  J.  Lane,  H.  McCann,  R.  W.  McKnight,  R.  L.  McMot- 
trie,  J.  F.  Partridge,  M.  V.  Price,  V.  J.  Roggeveen,  R.  J.  Sciiiei  i  imiv 
J.  H.  Seamon,  J.  J.  Stark,  Jr.,  R.  Turner,  L.  E.  Ward,  D.  M.  Weimuhii. 
P.  B.  Wilson,  T.  D.  Wofford,  Jr. 


Development  and  Application  of  Yard  Crew 
Performance  Measures 

Introduction 

Industrial  Engineering  lias  made  a  major  contribution  to  the  railroad  industry 
in  the  design  and  application  of  engineered  work  standards  to  terminal  switching 
operations.  Based  on  present  labor  costs  alone,  the  average  yard  or  switching  crew 
costs  about  $35  per  hour,  and  these  costs  are  steadily  rising.  Customer  demands  for 
prompt  and  dependable  service,  together  with  increasing  operating  costs,  require 
ever  greater  emphasis  on  the  effective  use  of  yard  crew  resources.  In  the  past  few 
years,  several  major  railroads  have  adopted  engineered  time  standards  to  improve 
crew    scheduling,   and   to   measure   the  performance  ol    both   individual   crews  and 
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crews  for  entire  terminals.  Engineered  crew  standards  are  also  used  for  terminal 
simulation  and  design,  and  cost  research.  Although  the  specific  design  and  applica- 
tion of  terminal  performance  measures  vary  among  railroads,  all  of  these  systems 
are  based  on  certain  common  elements. 

The   Performance   Measures   Concept 

A  switching  activity  is  defined  as  a  series  of  measured  elements  performed  by 
a  yard  crew,  where  the  unit  of  measure  is  yard  engine  time  ( crew  hours  or  minutes ) . 
Typical  activities  are: 

A.  Productive  Activities: 

1.  Yard  functions,  including  classification,  train  assembly,  pick-ups,  set-offs, 
weighing,  and  handling  cabooses. 

2.  Industry  and  interchange  functions,  including  spotting,  pulling,  and  re- 
spotting  at  industry,  interchange,  or  shop  tracks. 

3.  Travel  time — time  in  which  engine  is  moving  between  locations  where 
necessary  work  is  to  be  performed. 

B.  Non-Productive  Activities: 

1.  Non-productive  activities  which  are  included  as  allowances  in  the  standard 
times  : 

a.  Crew  starting  time,  lunch,  instructions,  personal  time,  and  tie-up. 

b.  Necessary  and  normal  delays  due  to  signals,  crossing  other  railroads, 
congestion,  and  interference. 

2.  Non-productive  time  generally  not  included  in  a  standard: 

a.  Abnormal  or  avoidable  delays  and  blockage  due  to  locomotive  failures, 
derailments,  and  unusual  congestion  or  interference. 

b.  Non-productive  crew  time  for  coffee  breaks,  long  lunches,  early  quits, 
or  lack  of  work. 

Note  that  the  total  time  a  terminal  can  earn  for  performing  yard  and  industrial 
functions  varies  with  the  number  of  activities  performed  and  counted.  Other  activi- 
ties are  based  on  "fixed"  allowable  times,  assuming  predetermined  travel  frequencies 
are  constant. 

The  total  crew  time  earned  for  a  terminal  is  determined  by  multiplying  the 
cars  or  trains  handled,  or  the  trips  made  for  each  variable  activity,  by  the  appropriate 
engineered  time  for  that  activity,  and  adding  the  fixed  time  to  the  total  variable 
time.  The  earned  time,  including  allowances,  is  then  compared  to  the  actual  yard 
engine  time  to  obtain  a  percent  performance  in  relation  to  the  engineered  standard. 
The  performance  figure  represents  the  percent  of  actual  crew  time  which  was 
justified  by  the  workload.  Overtime  is  generally  considered  100%  productive,  with  no 
allowances  for  breaks  or  other  non-productive  time.  Standards  are  designed  for  a 
"normal"  performance  of  100%,  and  consistent  performance  at  less  than  100%  indi- 
cates problems  requiring  analysis  and  possible  correction. 

Installation   of   Performance   Measures 

Two  general  types  of  measurement  have  been  used.  In  one,  a  set  of  standards 
is  developed  initially  at  one  or  more  locations  to  identify  times  required  for  the 
crew  to  perform  basic  operating  elements  which  may  be  common  to  any  location. 
These  elements   are   cataloged  for  use  in  all  future  switching  standard  programs. 
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When  a  location  is  selected  for  implementation,  a  preliminary  study  is  made  to 
determine  which  basic  elements  are  used  in  each  of  the  jobs.  By  using  these  ele- 
mental times  in  combination,  the  standards  are  built  for  each  job  and  tested  b\  the 
industrial  engineers  riding  with  each  crew. 

Another  type  of  measurement  requires  a  preliminary  study  of  the  terminal, 
usually  by  a  team  of  industrial  engineers  and  terminal  supervisors,  to  document  the 
crews  working,  their  assignments,  and  time  required  to  perform  various  functions 
or  activities.  Each  job  is  ridden  at  least  once  to  determine  the  activities  of  the  job 
and  the  time  required  to  complete  each  activity.  After  the  jobs  are  studied  and 
their  activities  documented  and  measured,  similar  activities  requiring  similar  times 
may  be  combined  and  averaged  to  determine  the  standard  time  for  that  activity. 
Any  actvities  which  are  not  captured  during  the  rides  because  of  low  frequency 
of  occurrence  are  assigned  estimated  values  and  adjusted  as  data  becomes  available. 
Basic  operating  or  facilities  changes  usually  require  restudy  of  the  terminal  in  whole 
or  in  part  to  revise  standards  affected  by  the  change.  Local  terminal  supervision 
should  participate  in  establishing  fixed  and  variable  standards  and  approve  them 
prior  to  implementation. 

An  effective  reporting  system  is  fundamental  to  the  success  of  a  standards  pro- 
gram. On  some  roads,  the  basic  reporting  document  is  the  foreman's  work  report  on 
which  he  identifies  the  functions  performed,  the  quantity  of  work  done,  and  the  time 
spent  doing  it.  When  the  work  report  is  also  designed  to  function  as  a  work  plan 
for  the  crew,  completion  of  the  report  by  the  foreman  verifies  the  extent  to  which 
the  planned  tasks  have  been  completed. 

Roads  with  the  work  report  system  for  reporting  daily  activities  completed  often 
place  a  data  analyst  at  each  major  terminal.  The  analyst  computes  the  daily  and/or 
weekly  performance  for  each  crew  and  for  all  crews  in  the  terminal.  He  also  spot- 
lights any  variances  between  actual  and  standard  performances,  identifies  possible 
causes,  and  presents  the  results  to  management  for  review  and  possible  corrective 
action. 

Some  roads  have  crew  performance  systems  designed  to  measure  the  overall 
terminal  performance  rather  than  that  of  individual  crews.  These  systems  rely  on 
car,  train,  or  trip  counts  lor  the  various  activities  as  reported  by  a  yardmaster,  chiei 
clerk,  or  other  designated  employee.  Daily  and  weekly  terminal  performance  can  be 
calculated  at  headquarters  from  the  reported  field  data.  Wit li  centralized  reporting, 
performance  can  be  calculated  by  computer  and  returned  to  the  field  \  ia  teletype. 
Because  detailed  standards  or  individual  crew  performance  reports  increase  develop- 
ment and  maintenance  costs,  each  road  must  evaluate  the  benefits  of  additional 
standards  detail  in  light  of  the  incremental  costs  of  obtaining  that  detail. 

Conclusion 

The    most    Successful    standards    program    is    the    one    which    is    accepted    at    all 

levels  of  the  organization  to  indicate  qualitj  performance  as  well  as  areas  oi  possible 
improvement,  Because  a  properly  designed  system  oi  performance  measures  is  the 
only  tool  available  for  direct  comparison  ol  the  performance  oi  all  terminals  on 
standard,  the  manager  can  turn  his  attention  to  terminals  with  low  performance. 
Performance  measures  also  indicate  the  type  oJ  corrective  action  needed  to  improve 
performance. 

On  roads  with  terminal  performance  measures,  substantial  cost  savings  and 
service  improvements  have  been  achieved   b)    correcting  substandard  performance. 

Ilul.  886 
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Terminal  performance  measures  also  supply  valuable  information  needed  for  work 
scheduling,  methods  improvement,  cost  analysis,  and  simulation  models.  By  pro- 
viding a  realistic  measure  of  terminal  performance  to  all  levels  of  management, 
a  standard  system  is  an  important  tool  for  both  short-  and  long-range  operations 
planning. 
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0  Died  August   10,   1971. 
(E)    Member  Emeritus. 

Those  whose   names   are  shown   in  boldface,   in   addition   to  the  chairman,   vice  chairman   and 
secretary,   are   the   subcommittee   chairmen. 

To  the  American  Railway  Engineering  Association: 

Your  committee  reports  on  the  following  subjects: 

B.   Revision  of  Manual. 

No  report. 
2.  Analysis  of  Operations  of  Railways  That  Have  Substantially   Reduced 

the  Cost  of  Construction  and  Maintenance  of  Way  Work. 

Progress   report,   presented   as   information    page  246 

4.  Economics  of  Double  Shifting  Where  Cany  Has  Heavy  Investment  in 

Equipment. 

Progress  report,  presented  as  information   page  254 

6.  Economies  to  be  Developed   from   the   Use  of  a    Two-Hail   Method  of 

Laying   and    Picking   Up   Rail   with   a   Rail   Traiii    Versus   the   One-Rail 

Method  Used  by  a  Majority  of  Roads. 

No  report. 
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7.  Develop    and    Recommend    Procedures   for   Producing   Unit   Costs    for 
Maintenance   of  Way   Work. 
Tentative  Manual  material,  presented  as  information   puge  257 

The  Committee  on  Economics  of  Railway  Construction 
and  Maintenance, 

R.  W.  Pember,  Chairman. 


Report  on   Assignment   1 

Analysis   of   Operations   of   Railways   That   Have 
Substantially  Reduced  the  Cost  of  Construc- 
tion and  Maintenance  of  Way  Work 

M.  Rougas  (chairman,  subcommittee),  F.  S.  Barker,  C.  J.  Bryan,  L.  B.  Cann,  Jr., 
A.  W.  Carlson,  S.  A.  Cooper,  J.  E.  Eisemann,  W.  H.  Hoar,  R.  G.  Hudson, 
E.  Q.  Johnson,  W.  E.  Laird,  Guy  Liljeblad,  C.  T.  Popma,  R.  W.  Preisen- 

DEFER,    G.    E.    SCHOLZE,    A.    E.    SHAW,    Jr.,    T.    P.    WOLL. 

The  following  report  on  a  field  trip  made  on  July  13,  1971,  to  inspect  the  rail 
welding  plant  of  the  Louisville  &  Nashville  Railroad,  at  Nashville,  Tenn.,  is  pre- 
sented as  information. 

MAJOR   COMPONENTS 

1.    Overhead   Cantilevered   Gantry   Crane 

This  crane  is  designed  to  lift  39-ft  rails  varying  in  cross  section  from  90  to 
155  lb.  It  can  handle  up  to  eighteen  132-lb  rails  in  increments  of  six.  Once  lifted, 
these  rails  can  be  rotated  360  deg  to  permit  stockpiling  in  consecutive  perpendicular 
layers.  The  crane  weighs  270  tons  and  travels  along  a  1,100-ft  runway  at  450  ft 
per  min.  The  bridge  has  an  80-ft  center  span  and  two  65-ft  cantilever  spans, 
covering  a  total  distance  of  210  ft.  The  trolley  speed  is  250  ft  per  min  and  the 
hoisting  speed  is  55  ft  per  min. 

Operation  of  the  magnets  and  all  other  crane  drives  is  controlled  by  an  opera- 
tor in  a  trolley-suspended  cab.  Features  of  the  cab  include  heating  and  air  condi- 
tioning, windshield  wipers  and  defrosters,  full-vision  windows,  rheostatically  con- 
trolled lighting,  and  a  rotating  operator's  console  chair. 

Power  is  supplied  to  the  crane  from  a  4 160- volt  A-C  power  source  through  a 
crane-mounted  hydraulically  driven  cable  reel.  On  board  the  crane  the  voltage  is 
stepped  down  to  an  industrial  operating  level  of  480  volts  through  a  300-kva  sub- 
station for  distribution  to  the  hoist,  trolley,  bridge,  and  auxiliary  circuits. 

A  100-hp  A-C  wound  rotor  motor,  controlled  by  a  static  drive  scheme  utilizing 
an  eddy  current  brake,  provides  power  to  the  hoist  motion.  Stepless  variable  speed 
operation,  up  to  a  rated  speed  of  55  ft  per  min,  of  the  46,000-lb  maximum  load 
is  accomplished  through  a  22-ft  range  by  a  16-part  anti-sway  cable  network.  A 
four-wheel  trolley  accommodates  the  complete  hoisting  mechanism. 

The  trolley  driven  by  a  25-hp  A-C  wound  rotor  motor  traverses  a  distance 
of  200  ft  across  the  bridge  by  means  of  a  static  reversing-plugging  drive  scheme 
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that  provides  stepless  variable  speed  control  up  to  a  rated  speed  of  250  ft  per  min. 

Four  independently  driven  trucks  support  the  crane  bridge  structure.  Each 
truck  possesses  a  40-hp  D-C  motor  controlled  by  an  adjustable  voltage  drive  scheme 
that  provides  stepless  variable  speed  operation  up  to  a  rated  speed  of  450  ft  per 
rain.  This  scheme  provides  electrical  regenerative  motor  braking  for  smooth  decelerat- 
ing control  and  a  1%  regulated  skew  protection  for  the  prevention  of  crane 
derailment. 

A  major  safety  consideration  on  the  crane  is  the  magnet  fail-safe  protection 
system.  This  system  enables  the  operation  of  the  magnets,  the  hoist,  and  the 
trolley  upon  an  electrical  power  outage.  Stand-by-power  for  this  operation  is  sup- 
plied by  a  wet  cell  battery  network  mounted  on  the  trolley.  Loss  of  magnet  load  is 
prevented  upon  power  failure  by  means  of  a  "floating"  battery  supply,  while  activa- 
tion  of  the  hoist  and  trolley  motions  is  by  operator  control. 

Electrical  control  apparatus  is  mounted  in  pressurized  control  houses  that 
exclude  dirt  and  moisture.  Approximately  90%  of  the  electric  drive  control  consists 
of  static  components. 

This  crane  is  shown  in  Fig.  1. 

2.  Rail    Cleaner 

This  equipment  cleans  the  running  surface  of  secondhand  rail  by  a  series  of 
rotating  wire  brushes  before  the  rail  is  checked  for  geometric  deformations  or  in- 
ternal defects.  This  process  removes  scale,  rust  and  elements  of  grease. 

The  equipment  is  shown  in  Fig.  2. 

3.  Geometric    Deformation    Detector 

By  means  of  air-coupled  transducers,  this  detector  measures  the  camber  of 
the  rail  in  the  vertical  and  horizontal  planes.  It  also  measures  vertical  and  hori- 
zontal kinks.  A  rail  passes  this  test  if  its  camber  does  not  exceed  %  inch  in  39  ft 
and  if  the  mid-ordinate  is  less  than  0.030  inch  in  any  3  ft  in  the  horizontal  and 
vertical  planes. 

4.  Rail    Wear   Detector 

Using  air-coupled  transducers,  this  detector  measures  vertical  rail  head  wear, 
gage  wear  and  metal  overflow.  A  rail  passes  this  test  if  the  measured  quantities 
are   less   than   those  programmed   in   the   computer  at  the  time  the   rail   is  processed. 

This   device   is  shown   in   Fig.   3. 

5.  Rail    Defect    Detector 

This  detector  finds  internal  rail  defects,  including  bolt-hole  cracks,  ultrasoni- 
cally.  It  utilizes  two  roller  search  units.  One  unit  has  a  37-degree  transducer,  a 
zero-degree  transducer  and  a  37-degree  transducer.  The  other  unit  has  a  zero- 
degree  transducer,  a  70-degree  Forward  transducer  and  a  70-degree  rear  transducer. 

This    is    shown    in    Fig.   3. 

6.  Rail    Straightener 

This  unit   straightens  rail  in  the  horizontal  and  vertical  planes.  It  utilizes  two 

150-ton  rams,  one  upper  and  one  lower,  and  two  30-ton  rams,  one  sach  side. 

To  remove  kinks  and  bends,  the  rams  operate  in  conjunction  with  a  series  ol  top 

and   side  fulcrums,   all   of   which   are   adjustable,   according   to   the  degree  ol    the  kink 
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Fig.    1 — Gantry   crone. 


Fig.    2 — Brush    cleaner. 
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Fig.    4 — Rail    straightener. 


or  the  curve  set.  The  operation  is  hydraulic  and  remotely  controlled  by  push-button 
switches.   The  straightener  will  accommodate  rails  up  to   155-lb  section. 
The  rail  straightener  is  shown  in  Fig.  4. 

7.    Automatic    Classification    Equipment 

Once  secondhand  rails  have  passed  the  head  wear  measurement  station,  they 
can  be  recycled  through  this  station  and  physically  classified  into  various  wear 
classes  with  present  wear  limits.  Each  class  is  segregated  on  one  of  the  beds  pro- 
vided at  the   installation. 


OPERATION 

Relay  rail  is  received  in  gondola  cars  and  unloaded  by  the  gantry  crane.  It  is 
placed  in  ground  storage  or  on  storage  tables  A  and  B,  as  shown  in  Fig.  5.  From 
these  tables  each  rail  is  taken  through  various  steps,  using  powered  roller  conveyors, 
which  move  at  the  rate  of  120  ft  per  min.  The  conveyors  will  handle  rails  varying 
in  length  from  25  to  39  ft  and  in  weight  from  90  to  155  lb. 

The  rails  first  go  through  the  cleaning  station  where  debris,  scale,  rust  and 
minor  grease  deposits  are  removed  from  the  running  surface.  Fig.  2  is  a  photo- 
graph of  the  cleaner.  From  there  the  rails  are  measured  ultrasonically  for  kinks  and 
bends.  If  the  camber  is  less  than  %  inch  in  39  ft  in  the  horizontal  and  vertical  planes, 
and  if  the  mid-ordinate  in  any  3  ft  is  less  than  0.030  inch,  the  rail  moves  on  to 
the  wear  measuring  station,  where  headwear,  gage  wear  and  metal  overflow  are 
measured.  If  the  measurements  do  not  exceed  the  limits  programmed  in  the  measur- 
ing units,  the  rail  moves  to  the  internal  defect  detection  station.  If  no  defects  are 
found,  or  if  the  defects  found  do  not  exceed  predetermined  standards,  the  rail 
moves  to  tables  2,  3  or  4,  or  to  surge  table  D  and  awaits  its  turn  to  be  cropped. 
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If  a  rail  does  not  pass  the  bend  and  kink  tolerances,  further  tests  are  skipped 
and  the  rail  is  automatically  set  on  kinked-rail  table  C.  After  it  is  straightened  by 
using  the  straightener,  it  is  set  on  surge  table  B,  from  where  it  is  routed  through 
the   cleaning,   geometric,   wear   and   internal   defect  detecting   stations. 

If  a  rail  fails  the  wear  measuring  test,  it  is  automatically  ejected  to  skid  table 
1,  which  is  reserved  for  rejected  rails.  All  rails  meeting  the  criteria  programmed 
in  the  wear  measuring  station  are  ejected  on  tables  2,  3  and  4  conforming  to  the 
following  wear  groups: 

Table  2 — )'»  inch  to  )i  inch 

Table  3 — )i  inch  to  %  inch 

Table  4— %  inch  to  %  inch. 

If  it  is  desired,  rails  from  tables  2,  3  and  4  are  recirculated  through  the  wear 
measuring  unit  and  automatically  classified  in  groups  with  predetermined  wear 
limits.  For  example: 

Table  2 — %  inch  to  %  inch  head  wear 

Table  3 — less  than  '1  inch  gage  wear 

Table  4 — 0  inch  to  %  inch  lip 

Rails  reach  the  cropping  station  from  surge  table  D.  After  cropping,  rails  are 
set  on  table  E,  from  where  they  are  conveyed  to  the  main  conveyor  line.  As  shown 
in  Fig.  5,  an  auxiliary  portion  of  the  cropping  building  is  over  the  main  conveyor 
between  tables  D  and  E.  This  enables  the  operator  to  crop  rails  in  the  main  con- 
veyor and  bypass  tables  D  and  E  during  peak  production  intervals. 

After  cropping,  rails  are  conveyed  to  the  transfer  table  G  where  they  reverse 
direction  and  are  set  on  surge  table  H.  It  is  here  on  surge  table  H  that  new  rail, 
arriving  at  the  plant  in  gondola  cars,  is  unloaded  by  the  gantry  crane.  Of  course, 
if  it  is  desired  to  have  new  rail  checked  for  geometric  characteristics  and  internal  de- 
fects, new  rail  is  unloaded  on  tables  A  and  B,  at  the  beginning  of  the  line,  by- 
passing the   cropping   station. 

From  table  H  rails  proceed  to  the  welding  station.  Prior  to  entering  the  weld- 
ing station,  rails  can  be  turned  end  for  end  by  means  of  a  turntable.  Once  at  the 
welding  station,  rail  proceeds  through  an  automatic  grinding  station  where  it  is 
polished  at  the  required  places  on  ball  and  base  to  provide  proper  electrode  con- 
tact. It  then  moves  to  the  welding  machine.  Here,  the  ends  of  two  rails  are  matched 
and  welded.  Next,  the  excess  weld  is  removed  by  a  shearing  or  stripping  device 
mounted  in  the  welding  machine  itself. 

The  welded  rail  joint  then  passes  through  a  semi-automatic  finish-grinding 
station  and  on  through  a  moving  device  which  pushes  the  rails  through  a  grinding, 
inspection  and  weld  straightening  operation.  The  rail  then  proceeds  through  an 
automated  transition  line  and  on  to  the  cars  of  the  waiting  welded  rail  trains. 

OTHER   FEATURES 

Nine  buildings  are  provided  to  house  the  various  operations,  maintenance 
activities,  parts  storage,  offices  and  headquarters  for  employees.  Buildings  housing 
major  components  have  provisions  for  removing  roof  sections  to  enable  the  gantry 
crane   to  move  heavy  equipment  in  or  out  of  the  buildings. 

The  flood-lighting  system  incorporates  forty-eight  1,000-watt  mercury-vapor, 
wide-beam  flood  lights,  which  provide  a  general  illumination  of  3  to  7  foot-candles 
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Fig.    6 — Transition   frames. 


throughout  the  area.  The  gantry  crane  has  twenty-one  1,000-watt  lights,  which 
provide   20   foot-candles   of   illumination   in    the   working   area   of   the   crane. 

All  wiring  is  underground.  A  loop  network  power  supply  from  two  substations 
provides  reliable  service  from  two  power  companies, 

Although  relay  rail  is  now  received  at  the  plant  in  conventional  rail  lengths, 
provision  has  been  made  for  receiving  relay  rail  bolted  in  strings  in  the  future. 
Space  has  been  provided  for  unbolting,  as  well  as  for  a  pusher  and  transition  racks 
to   handle   the  bolted  strings. 

The  decision  has  been  made  to  add  a  second  complete  welding  line  with  the 
accessory  storage  tables  and  conveyors.  The  second  line  was  embraced  in  the  origi- 
nal design  and  is  scheduled  to  go  in  service  in  January  1972. 

The  welded  train  tracks  are  depressed  so  that  the  transition  from  the  welding 
level  to  the  low  and  high  tins  is  equalized.  Placement  ol  the  finished  welded  rail 
strings  in  the  trains  is  facilitated  by  a  series  of  unique  self-propelled  transition 
Frames,  which  move  transversely  and  raise  and  lower  the  strings  lor  insertion  into 
a  slot,  as  shown  in  Fig.  6. 


SUMMARY 

From  the  time  a  rail  is  placed  on  the  surge  table  A  at  the  beginning  ol  the 
conveyor  line  until  it  reaches  table  H,  it  is  handled  automatically  without  manual 
attendance  except  for  the  operators  at  the  Straightening  and  cropping  stations  and 
the  gantry  crane  operator,  if  the  rail  has  to  be  transferred  to  or  from  a  stun.;! 
area. 
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Fig.    7 — Rail    in    rail    straightener   being    straightened   for   kink   in    horizontal    plane. 

Thirty-three  men  are  required  to  operate  the  plant  for  two  shifts,  including 
supervision.  The  plant  is  designed  to  produce  300  welds  a  day,  working  two  shifts 
a  day  with  only  one  welding  line.  When  the  second  welding  line  is  added,  produc- 
tion is  expected  to  reach  the  range  of  450  to  600  welds  a  day. 

It  was  the  general  thinking  of  the  Committee  22  members  who  visited  the 
plant,  that  a  lot  of  planning  and  a  systems  approach  had  been  used  in  designing 
the  plant.  It  was  the  consensus  of  the  visitors  that  the  $3,000,000  installation  is  the 
most  modern  in  existence. 


Report  on   Assignment  4 


Economics  of  Double  Shifting  Where  Gang  Has 
Heavy  Investment  in   Equipment 

W.  S.  Autrey  (chairman,  subcommittee),  R.  J.  Aschmeyer,  H.  B.  Berkshire, 
J.  S.  Busby,  A.  W.  Carlson,  C.  G.  Davis,  Wm.  Glavin,  R.  P.  Howell, 
W.  J.  Jones,  J.  R.  Miller,  J.  A.  Naylor,  F.  L.  Rees,  M.  S.  Reid,  R.  H. 
Uhrich,  J.  T.  Ward. 

With  the  continuing  increase  in  labor  costs,  the  railroad  companies  must  find 
methods  whereby  labor  will  be  utilized  in  the  most  efficient  manner.  To  aid  in  this 
endeavor,  mechanized  equipment  is  playing  an  increasingly  important  role  and  it 
appears  that  this  role  will  become  even  more  important  in  the  future. 

In  the  comparatively  recent  past,  the  investment  in  maintenance  of  way  work 
equipment  was  relatively  small,  and  the  annual  cost  of  owning  the  equipment  was 
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small  when  compared  to  the  cost  of  labor  required  to  maintain  the  railroad.  A  sur- 
Facing  gang  consisting  of  60  to  70  men  used  a  power  jack  (or  even  hand  jacks) 
with  an  air  compressor  to  furnish  air  to  individual  tamping  guns.  The  investment 
in  equipment  on  such  a  gang  did  not  result  in  a  significant  contribution  to  the 
cost  of  operation  compared  with  the  cost  of  labor  to  perform  the  task. 

In  contrast  to  the  surfacing  gang  described  above,  the  same  operation  is  being 
performed  today  with  a  single  machine  and  a  gang  of  five  to  ten  men.  The  invest- 
ment in  the  machine  is  quite  substantial  and  it  is  an  important  factor  in  the  cost  of 
operation.  Because  of  this  changing  importance  of  the  cost  of  equipment  versus 
the  cost  of  labor,  it  is  highly  desirable  to  expand  the  utilization  of  high-priced  main- 
tenance of  way  equipment. 

Maintenance  of  way  work  is  quite  different  from  work  in  a  shop;  the  track 
work  location  is  usually  spread  out  and  continually  changing  whereas  the  shop 
work  location  is  usually  concentrated  and  fixed.  Due  to  these  differences  and  the 
difficulty  of  providing  artificial  light  at  the  track  work  area,  maintenance  of  way 
gangs  have  traditionally  worked  a  single  shift  in  the  normal  work  day.  However,  a 
full  analysis  of  the  maintenance  of  way  program  for  an  individual  railroad  may 
show  that  double  shifting  of  certain  gangs  and  machines  is  practical  and  necessary 
from  an  equipment  utilization  and  economic  standpoint. 

Some  of  die  factors  which  must  be  analyzed  when  considering  a  double-shift 
operation  are: 

( 1 )  Operating  allowance. 

(2)  Work  required. 

(3)  Time  limit  to  complete  the  work. 

(4)  Availability  of  foremen. 

(5)  Availability  of  mechanics. 

(6)  Availability  of  living  and   eating  facilities. 

(7)  Ability  to  distribute   material. 

(8)  Ability  to  provide  artificial   light. 

(9)  Distribution  of  work  along  the  track. 

(10)  Allowable  on-traek    time. 

(11)  Total  investment  in  equipment 

(12)  Equipment  obtained  by  direct  purchase,  lease  <>r  lease-purchase  agree- 
ment 

Paradoxically  the  two  gangs  having  the  heaviest  investment  in  equipment — the 
rail  laying  gang  and  the  mechanized  tie  gang — are  possiblj  the  least  suited  for 
double  shifting.  Both  oi  these  gangs  may  cover  several  miles  in  .,  Mimic  shift,  and 
tin  difficulty  of  providing  lights  over  a  very  lengthy  job  site  whin  work  is  per- 
formed outside  of  daylight  hours  makes  the  operation  of  these  gangs  for  more  than 
one  shift  verj  questionable.  Although  man)  oi  the  machines  in  these  gangs  could 
carry  lights,  there  are  several  where  this  would  not  be  practical  and  then  an 
manual  operations  where  lighting  would  not  be  provided.  Also,  it  Mia\  be  difficult 
to  staff  a  force  to  operate  these  gangs  two  shifts  with  the  accompanying  living  and 
eating  facilities,  mechanics,  material  distributors,  etc.  It  is  suggested  that  a  more 
appropriate  operation  for  these  gangs  would  be  to  have  all  equipment  read]  to 
Ix-gin  as  soon  as  the  major  part  of  the  gang  is  read)  by  having  a  few  Ice)  people 
start  early,  thereby  eliminating  some  of  the  delays  of  starting  each  day's  operation. 
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By  this  method  increased  utilization  will  be  obtained  and  a  unit  cost  which  is 
more  favorable  than   that  obtained  by  two  shifts  should  result. 

One  gang  which  appears  to  be  ideally  suited  for  double-shifting  is  the  surfac- 
ing or  smoothing  gang  equipped  with  surfacing  devices  which  do  not  require  the 
trackman's  eye.  Many  of  these  gangs  are  now  equipped  with  a  multi-purpose  ma- 
chine which  does  the  raising,  tamping  and  lining  with  the  one  machine.  This 
machine  is  equipped  with  a  light  beam  or  other  device  to  control  the  surfacing  and 
lining  so  that  it  is  only  necessary  for  the  operator  to  see  the  tie  as  he  moves  the 
machine  from  tie  to  tie.  This  condition  can  easily  be  met  by  providing  lights  on 
the  machine  to  light  the  area  since  all  the  work  on  this  gang  is  concentrated  at  that 
point.  There  seems  to  be  no  good  reason  for  a  difference  in  efficiency  between  a  first 
and  second  shift  of  such  an  operation. 

The  following  gangs  or  equipment  appear  suitable  for  double  shifting  under 
proper  conditions: 

(1)  Surfacing. 

( 2 )  Smoothing. 

(3)  Track  undercutting. 

(4)  Ballast  cleaning. 

(5)  Brush  cutting. 

(6)  Rail  surface  grinding. 

(7)  Weed  spraying. 

(8)  Bridge  and  Building. 

(9)  Tunnel. 

(10)  Snow  removal. 

(11)  Ballast  equalizers. 

( 12 )  Rail  detector  cars. 

(13)  Earth  moving  equipment. 

The   following  gangs   do  not  generally  appear  suitable  for  double  shifting: 

(1)  Steel. 

(2)  Tie. 

(3)  Spot  tamping. 

(4)  Road  crossing  renewal. 

(5)  Yard. 

(6)  Section. 

One  of  the  major  reasons  for  considering  double  shifting  is  the  increased 
utilization  of  machinery  where  there  is  a  substantial  investment.  To  evaluate  the 
cost  of  owning  we  might  consider  the  investment  in  a  typical  smoothing  gang. 
Since  this  gang  might  have  one  multi-purpose  tamper  at  a  cost  of  $100,000,  a 
second  machine  for  tamping  only  at  $35,000,  and  a  ballast  maintenance  machine 
at  $30,000,  a  total  investment  of  $165,000  is  represented.  If  the  life  of  the  equip- 
ment is  considered  as  seven  years  and  an  interest  rate  of  10%  is  applied,  the  annual 
cost  of  owning  the  equipment  is  $165,000  X  (capital  recovery  factor — 10% — 7 
years)  or  $165,000  X  0.20541  e=  $33,893. 

Assuming  this  equipment  will  cover  200  miles  per  year  on  a  single  shift,  the 
cost  of  owning  the  equipment  for  each  mile  covered  is  then  $169.50.  Considering 
no  improvement  in  efficiency  by  virtue  of  the  fact  that  shifts  can  be  changed  with- 
out setting  off  equipment  and  the  delay  in  setting  up  at  the  work  location  can  be 
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eliminated,  the  work  performed  by  two  shifts  would  be  400  miles  per  year.  Use 
of  the  machines  for  two  shifts  each  day  would,  of  course,  reduce  the  life  of  the 
equipment  by  a  substantial  amount,  and  a  very  conservative  estimate  of  a  four-year 
life  can  be  used.  In  this  case  the  annual  cost  of  owning  the  equipment  would  be 
$165,000  X  (erf— 10%— 4  years)  or  $165,000  X  0.31547  =  $52,054.  Based  on  400 
miles  per  year  the  cost  per  mile  is  $130.10  or  a  reduction  of  $39.40  per  mile.  If  a 
five-year  life  is  assumed  the  annual  cost  is  $43,527  and  a  cost  per  mile  of  $108.80 
or  a  reduction  of  $60.70  per  mile. 

While  the  paragraph  above  anticipates  no  improvement  in  efficiency,  there 
are  those  who  suggest  that  an  improvement  could  be  made  in  efficiency  by  virtue 
of  the  double  shifting;  and  if  a  105?  increase  did  result,  the  cost  per  mile  based  on 
a  four-year  life  would  be  $118.30  for  a  reduction  of  $51.20  per  mile.  On  the  five- 
year  life  the  cost  per  mile  would  be  $98.90  for  a  reduction  of  $70.60  per  mile. 

In  addition  to  the  increased  utilization  of  machinery  which  results  from  double 
shifting,   other  advantages  which  can  be  cited  are: 

( 1 )  Smaller  capital  investment  required  in  maintenance  of  way  equipment. 

(2)  Womout  machines  are  replaced  in  a  shorter  period  of  time.  Therefore, 
more  modern  and  efficient  machines  are  in  operation. 

(3)  More  work  can  be  completed  within  a  limited  time. 

(4)  With  fewer  machines  to  be  maintained,  the  number  of  supporting  shop 
people  can  be  limited. 

(5)  Reduce  length  of  time  slow  orders  are  in  effect. 

Some  of  the  disadvantages  of  double  shifting  are: 

( 1 )  Machine  breakdown  is  more  costly  in  terms  of  lost  production. 

(2)  It  is  sometimes  difficult  to  recruit  force  for  second  shift  operation. 

(3)  Additional  living  and  eating  facilities  may  be  required. 

(4)  Artificial  light  may  be  required  for  second  shift. 

(5)  Work  after  daylight  hours  is  more  hazardous  and  additional  supervision 
may  be  required. 

This  report  is  submitted  as  information. 


Report   on   Assignment  7 

Develop  and  Recommend   Procedures  for  Producing 
Unit  Costs  for  Maintenance  of  Way  Work 

J.  W.  Brent  (chairman,  subcommittee),  H.  B.  Berkshire,  J.  A.  Caywood,  S.  A. 
Cooper,  E.  Q.  Johnson,  R.  A.  Kendall,  W.  E.  L.\n\D,  R.  G.  Maughan,  A.  L. 
Maynard,  J.  R.  Miller,  Mtke  Roucas,  H.  W.  Skeley,  \\  .  B.  Stackhouse, 
J.  T.  Sullivan,  W.  A.  Swartz,  S.  W.  Sweet,  G.  H.  Winter. 

The    following    report    is    presented    as    information    only,    with    the    intention 
eventually  to  submit  it  for  adoption  and  publication  in  Chapter  22  <>l  lli.    Manual 
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RECOMMENDED   COSTS   TO   BE   USED  WHEN  ANALYZING  THE  ECO- 
NOMICS  OF  UNITS  OF  WORK  PERFORMED  IN  CONSTRUCTION 
AND  MAINTENANCE  ACTIVITIES 

When  analyzing  the  economics  of  railway  construction  and  maintenance 
activities  it  is  necessary  that  the  unit  costs  of  various  methods  and  procedures  he 
developed  in  such  a  way  that  the  same  incremental  costs  be  included  in  arriving 
at  a  cost  per  unit  of  work  for  each  method  considered. 

Unit  costs  for  any  activity  being  studied  should  include  the  following  elements: 

1.  Supervision  Above  the  Rank  of  Foreman.  This  should  include  only  the  time 
and  expenses  directly  involved  with  the  activity  being  analyzed.  (General  Foreman, 
Assistant  Supervisor,  Supervisor,  Roadmaster,  etc.  Does  not  include  Division  Engi- 
neer, Regional  or  System  officers  unless  they  are  assigned  specific  responsibility 
for  performance  of  the   activity  under  study.) 

2.  Foreman. 

3.  All  Employees  Below  die  Rank  of  Foreman.  Note:  Items  2  and  3  should 
include  all  classes  of  employees  who  perform  work  or  inspection  as  a  result  of  the 
task  being  performed.  Since  work  rules  vary  considerably  on  different  properties 
in  regard  to  fringe  benefits,  camp  facilities  furnished,  travel  time,  travel  mileage 
expense,  headquarters  locations,  etc.,  all  of  these  items  of  expense  must  be  con- 
sidered, as  well  as  the  actual  productive  time  at  the  work  location,  the  travel  time 
in  moving  to  and  from  the  work  location,  if  paid  for  as  wages,  and  lost  time  on 
the  job  as  a  result  of  train  delays,  equipment  breakdowns,  etc. 

4.  Equipment.  In  order  to  develop  the  cost  of  equipment  per  unit  of  produc- 
tion, the  following  information  must  be  known: 

(a)  Name  and  description  of  machine. 

(b)  Horsepower  of  machine,  including  all  engines. 

(c)  Date  purchased  new. 

(d)  Cost  new  or  ledger  value. 

(e)  Average  useful  life. 

(f)  Interest  rate    (use   appropriate   current  rate). 

(g)  Taxes  and  insurance  (use  actual  or  Vk%  of  ledger  value). 

(h)  Average  annual  maintenance  cost  (if  actual  cost  not  available,  divide 
previous  years  ICC  Operating  Account  269  by  value  in  Road  and 
Equipment  Account  37  and  use  this  percentage  multiplied  by  the  new 
ledger  value  of  the  machine  to  obtain  annual  maintenance  cost). 

(i)  Average  annual  cost  of  fuel  and  supplies  (if  actual  cost  not  available 
estimate  on  the  basis  of  fuel  consumption  and  horsepower  of  the 
machine ) . 

(j)    Average  number  of  days  machine  is  used  during  the  year. 

With  the  above  information  known,  the  daily  cost  of  using  each  machine  can 
be  developed  by  the  following  procedure: 

,      „  .    .  New  or  ledger  value 

Average  useful  life  in  years  X  number  of  days  used  per  year 
2 — Interest:  Current  rate  X  new  or  ledger  value 

0     t,  j  T  1-5%  (or  actual  rate)  X  new  or  ledger  value 

3 — Taxes  and  Insurance: — ^ ; — — ^-r — 5 , - 

Number  of  days  used  per  year 
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Annual  cost 
Annual  cost 


4 — Maintenance  costs:  ^ — , 

Number  or  days  used  per  year 


•5 — Supplies:    ~ — , 

Number  or  days  used  per  year 

The  sum  of  these  five  items  may  be  used  as  the  total  cost  per  day  for  each 
machine  used  in  the  operation  under  study.  Hand  tools  and  machines  costing  less 
than  $500  should  not  be  included  in  equipment  cost.  If  double  shifting  of  equip- 
ment is  practiced  or  considered,  procedures  listed  above  should  be  adjusted  to  re- 
flect shift  cost. 

Total  cost  per  unit  of  work  performed  may  be  determined  by  adding  the  fol- 
lowing increments  to  produce  the  total  daily  or  shift  cost  of  labor  and  equipment 
and  dividing  this  total  by  the  units  of  work  completed  each  day  or  shift: 

Daily  cost  of  supervision  above  rank  of  foreman   (salary 

plus  fringe  benefits  plus  expenses )    $ , 

Daily  cost  of  foreman: 

Productive  hours  on  job  X  hourly  rate $ — 

Hours  of   travel  time  to  and  from  job  site   X   hourly 

rate    

Hours  of  lost  time,  train  delays,  due  to  breakdowns,  etc., 

X  hourly  rate   

Total  actual  wages  of  foreman 

Fringe  benefits,  including  vacation,  holiday  pay,  insur- 
ance, etc.   (normal  percentage  X  payroll  wages)    .... . 

TOTAL  DAILY  COST  OF  FOREMAN   

Daily  cost  of  employees  below  rank  of  foreman: 

Productive  hours  on  job  site  X  hourly  rate   

Hours  of  travel  time  to  and  from  job  site   X   hourly 

rate    . 

Hours   of   lost   time   due   to   train   delays,  breakdowns, 

etc.  X  hourly  rate   . 

Total   actual    labor   cost   of   employees   below   rank   of 

foreman . 

Fringe  benefits  as  applied  to  payroll,  including  holi- 
day pay,  vacation  and  insurance  allowance  (normal 
percentage  X  payroll  wages )    

TOTAL  DAin   WAGE  AND  FRINGE  BENEFIT  COST 

OF  EMPLOYEES  BEL*  >\\    R  \\K  OF  FOREMAN 

Duly  cost  of  camp  facilities,  if  furnished,  based  on 
actual  cost  or  estimated  on  basis  of  unit  COSi  pet  day 
per  employee  for  entire  complement  of  camp  equipment 

furnished,  number  oi  employees    ■    unit  cost  per  day) 

NOTE:  The  word  "day"  as  used  in  these  calculations 
shall  In  defined  as  a  normal  8-hour  work  ^lult 
and  shall  include  all  overtime  dire<  ll>  asso- 
ciated with  the  performance  of  that  shift's 
activity. 
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Daily    meal    and    laundry    or    sustenance    allowance,    if 

provided  (number  of  employees  X  unit  cost  per  day)    $ 

Daily  mileage  or  travel  allowance,  if  provided,  in  travel- 
ing to  and  from  camp  or  headquarters  to  work  point 
( total  mileage  for  gang  X  unit  allowance )   . 

Daily  cost  of  all  machines  in  unit    (from  machine  cost 

schedule )    

TOTAL  DAILY  COST  OF  LABOR,  FRINGE  BENE- 
FITS AND  EQUIPMENT   . 

.  Total  daily  cost  of  labor  and  equipment 

Number  of  units  completed  during  work  day 
Costs  for  the  following  activities  should  be  developed  in  the  units  shown: 
Activity  Cost  per 

Rail  laying  Lineal  foot  of  rail 

Tie  installation  Tie 

Track  raise   (2"  to  4")  Foot  of  track 

Smoothing  raise   (less  than  2")  Foot  of  track 

Ballast  application  Ton 

Spot  surfacing  Joint 

Switch  tie  renewal  Switch  tie 

Ballast  cleaning  (shoulder)  Foot  of  track  (one  side) 

Plowing  or  undercutting  (not  including  tie 

renewal)  Foot  of  track 

Road  crossing  installation  or  renewal  Track  foot 

Switch  construction   (including  ties)  Switch   (specify  turnout  number) 

Switch  replacement  (steel  only)  Switch  (specify  turnout  number) 

Field  weld  Weld 

Building  up  joints  Inch  of  weld 

Note  .-Unit  costs  for  any  other  activity  can  be  determined  in  the  same  manner  as 
outlined  above. 
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Committee 


(E)  Member  Emeritus. 

Those  whose   names   are  shown  in  boldface,  in   addition   to  the  chairman,  vice  chairman   and 
secretary,   are   the   subcommittee   chairmen. 

To  the  American  Railway  Engineering  Association: 

Your  committee  reports  on  the  following  subjects: 

R.  Revision  of  Manual. 
No  report. 

(a)   Revision  of  Handbook  of  Instructions  for  Care  and  Operation  of 
Maintenance  of  Way  Equipment. 
No  report. 

2.  Improvements  to  Be  Made  to  Existing  Work  Equipment 

No  report. 

3.  Study  of  Recommended  Practice  for  Training  Supervisors,  Mechanics 
and  Operators  to  Obtain  Desired  Production  and  Improve  Operation  <>! 
Roadway  Machines. 

Final  report,  presented  as  information    page  -'i- 

4.  Machine  Design. 

Drawing  entitled  "Axle,  Wheel  and  Huh  Specifications  for  Work 
Equipment."  submitted  for  adoption  and  publication  in  the  Manual, 
is  presented  in  Part  1  of  this  Bulletin. 
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5.  Aspects  of  Data  Processing  for  Work  Equipment,  Collaborating  as  Nec- 
essary or  Desirable  with  Committee  32. 

Final  report,  submitted  as  information   page  264 

6.  Rail    Heaters   and   Coolers   for   Laying   Continuous   Welded   Rail,   Col- 
laborating as  Necessary  or  Desirable  with  Committee  31. 

No  report. 

The  Committee  on  Maintenance  of  Way  Work  Equipment, 

C.  R.  Turner,  Chairman. 


Report  on   Assignment  3 

Study  of  Recommended  Practice  for  Training  Supervisors, 

Mechanics  and  Operators  to  Obtain  Desired 

Production  and  Improve  Operation 

of  Roadway  Machines 

G.  L.  Zipperian  (chairman,  subcommittee),  J.  S.  Collins,  J.  W.  Cummings,  W.  D. 
Gilrert,  W.  A.  MacDonald,  R.  H.  Richmond,  E.  A.  Stewart. 

Your  committee  submits  the  following  report  pertaining  to  training  maintenance 
of  way  supervisors,  mechanics  and  operators  as  information. 

TRAINING    SCHOOL   FOR   MAINTENANCE    OF   WAY    SUPERVISORS 

One  of  the  main  objectives  of  supervisor  training  is  to  provide  them  with  the 
necessary  knowledge  to  utilize  the  machines  to  the  fullest  extent  possible  at  the  least 
expense.  In  order  to  accomplish  this,  the  school  should  be  planned  to  cover  pre- 
selected machines  such  as  tamper-liner  with  automatic  raising  and  lining  attachments 
or  otiier  production  machines  as  desired. 

Sufficient  time  should  be  allotted  to  cover  the  following  subjects: 

1.  Operation:  Give  basic  explanation  of  all  controls  and  operating  functions. 
Discuss  power  source  such  as  diesel  or  gasoline  engine.  Review  hydraulic  and  elec- 
trical systems  from  functional  standpoint.  Become  familiar  with  propelling  systems 
and  setting  off  operation.   Discuss  warm-up  period  required. 

2.  Basic  Maintenance  and  Minor  Repairs:  Discuss  engine  fuels  and  lubricants, 
recommended  oil  and  filter  change  periods,  hydraulic  oil  requirements  to  obtain 
maximum  efficiency.  Discuss  minor  repairs  and  adjustments  required  of  die  machine 
operator  when  setting  up  the  machine.  Give  instruction  in  proper  tamping  tool 
change  procedure  and  wear  life  or  other  tool  changes  required  for  normal  operation. 

3.  Capability  and  Production  Rates:  Give  instruction  in  setting  up  die  machine 
for  various  track  maintenance  procedures  such  as  smoothing,  lift,  ballast  and  tie 
condition,  etc.  Develop  supervisor's  knowledge  concerning  the  machine's  full  capa- 
bility and  the  trouble  that  can  develop  when  the  capability  is  exceeded,  as  he  must 
be  able  to  determine,  in  case  of  trouble,  the  action  to  be  taken  to  make  correction. 

4.  Length  of  Time  Devoted:  In  order  to  cover  subjects  outlined  at  least  one 
day  is  required  on  each  of  the  larger  machines  being  studied.  Classes  should  be 
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programmed  with  full  use  of  visual  and  other  approved  teaching  aids.  Usually  the 
manufacturer  of  the  equipment  provides  a  fully  qualified  instructor  or  field  repre- 
sentative to  instruct  the  classes.  It  is  also  recommended  to  have  a  like  machine  on 
hand  for  demonstration  during  the  instruction  period. 

MECHANICS — INSTRUCTION    FOR    FIELD    AND    SHOP   REPAIR   AND   MAINTENANCE 

1.  Training  school  classes  should  be  held  once  each  year  because  of  personnel 
changes  and  because  refresher  courses  are  required  for  the  mechanics  that  attended 
previous  classes.  Each  year  a  number  of  revisions  and  improvements  are  developed, 
making  review  necessary.  The  field  mechanics  must  be  thoroughly  familiar  with  all 
operating  procedures  in  order  to  troubleshoot  the  hydraulic  and  electrical  systems. 
They  also  often  are  required  to  instruct  the  operators  and  correct  poor  operating 
procedures. 

2.  Subjects  Taught:  These  will  vary  depending  on  personnel  changes  and  previ- 
ous instruction  classes  attended,  and  might  include  diesel  engine  maintenance  and 
operating  defects,  poor  combustion,  etc.;  hydraulics,  including  schematic  diagrams; 
electrical  components  and  schematic  diagrams;  full  explanation  of  how  hydraulic 
and  electric  components  affect  machine  operation;  troubleshooting  all  circuits  and 
mechanical  components. 

3.  Length  of  Time  Devoted:  At  least  one  week  is  required  to  cover  all  the 
various  mechanical,  hydraulic  and  electrical  components  on  new  and  complicated 
machines  such  as  tamper-liner  and  tie  injector  machines.  Sending  qualified  work 
equipment  supervisors  and  mechanics  to  manufacturers'  schools  is  good  practice; 
however,  economic  conditions  allow  attendance  of  only  a  few  key  men. 

OPERATORS — INSTRUCTION    FOR    OPERATION    AND    FIELD    MAINTENANCE 

1.  On  large  production  machines  with  multiple  operations  and  automatic  con- 
trols, the  operators  should  attend  the  same  instruction  classes  as  the  mechanics.  It 
has  been  established  that  many  minor  delays  resulting  in  loss  of  production  can  be 
corrected  with  trained  operators.  Qualified  operators  with  the  ability  to  educate  and 
train  inexperienced  men  are  essential,  as  often  vacancies  arise  on  important  machines. 
These  operators  can  greatly  assist  the  supervisor  of  work  equipment,  or  operator 
instructors  on  such   roads  that  have  them,  in  training  new    operators. 

2.  Schools:  Certain  operators,  those  who  stay  with  and  operate  the  complicated 
machines  during  the  work  season,  should  attend  the  mechanics'  instruction  class  of 
one  week  and  return  for  refresher  courses  on  revisions  and  changes  to  new   machines. 

When  economic  conditions  permit,  all  production  machine  operators  should 
receive  the  same  instructions  and  time  allotted  to  the  maintenance  of  waj  super- 
visors of  one  or  two  days,  depending  on  subjects  covered.  Operators  of  less  com- 
plicated machines  should  be  instructed  in  routine  oil  changes  and  lubrication,  also 
minor  adjustments,  1>\  the  supervisor  of  work  equipment  or  mechanics. 
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Report   on   Assignment  5 

Aspects  of  Data  Processing  for  Work  Equipment 

E.  H.  Fisher  (chairman,  subcommittee),  R.  W.  Bailey,  H.  F.  Dully,  J.  O.  Elliott, 

E.    ESKENGREN,    W.    J.    GILBERT,    D.    C.    JOHNSON,    H.    D.   JORDAN,   J.    KELLY,    C.   F. 

King,  E.  W.  Knight,  H.  F.  Longhelt,  C.  H.  Stephenson,  M.  L.  Stone,  K.  O. 
Strode,  J.  W.  Winger. 

Your  committee  submits  as  information  the  following  final  report  on  aspects 
of  data  processing  for  work  equipment.  A  previous  report  on  the  subject  may  be 
found  in  the  Proceedings,  Volume  71,  1970,  page  508. 

The  Integrated  Management  Information  System  explained  in  the  following  is 
in  two  parts: 

PART  1— CONTROL  OF  EXPENSES,  which  provides  a  limited  measurement 
as  only  operating  expenses  can  be  related  to  utilization. 

PART  2— FINANCIAL  MANAGEMENT,  which  provides  a  total  measurement 
for  all  ownership  expenses  to  benefit: 

( a )  The  Corporate  Function 

(b)  The  Equipment  Supply  Function 

(c)  The  Equipment  Use  Function 

There  is  no  clerical  coding  in  this  system  as  the  source  documents  from  the 
shop  and  field  are  keypunched  directly.  The  key  to  the  Data  Processing  Program 
is  a  dual  purpose  numbering  system: 

(a)  To  identify  units 

(b)  To  avoid  coding  of  input  data  and  to  facilitate  retrieval 

For  example,  if  a  five-digit  numbering  system  is  chosen,  the  first  digit  designates 
the  major  class  of  equipment,  the  2nd  and  3rd  digits  denote  the  specific  kind  of 
equipment  within  the  major  class,  the  4th  and  5th  digits  identify  individual  units 
from  00  to  99  for  each  specific  kind  of  equipment. 

To  illustrate,  take  Road  Number  424-01: 
4 — a  tractor 
24 — rubber  tired,  60  hp 
01 — individual  unit  number 

The  equipment  is  segregated  as  to  major  class,  for  example: 
0 — Push  car  and  trailers 
1 — Automotive  and  track  motor  cars 
2 — Power  generating  units 

3 — Crane  and  shovel  equipment  plus  attachments 
4 — Tractor  and  tractor-type  equipment 
5 — Power  tools 

6 — Ballasting  and  surfacing  equipment 
7 — Tie,  rail  and  weed  control  equipment 
8 — On-track  equipment  (Engineering  Department  only) 
9 — Other  equipment 

It  is  essential  to  establish  a  reliable  inventory  record  in  the  computer.  The 
control  of  assets  by  computer  using  a  standard  input  for  the  Equipment  Inventory 
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could  be  as  follows:  location;  road  number;  make;  model;  serial  number;  year  pur- 
chased; purchase  price;  ratio  of  depreciation;  year  when  fully  depreciated  and  poten- 
tial work  load. 

There  are  only  three  forms  for  this  Integrated  Management  Information  Sys- 
tem: (a)  a  work  order;  (b)  an  operator's  report;  (c)  an  equipment  movement  record 
for  unmanned  units.  Writing  lias  been  kept  to  a  minimum. 

Maintenance   Control   System 

Highlights  maintenance  control. 
One  source  document  provides: 

( a )  Delegation  of  work 

(b)  Requisition  for  parts 

(c)  Time  work  started/finished 

(d)  Review — work  in  progress 

(e)  Distribution  of  labor 

(f)  Maintenance  input  data 

Fig.  1  shows  a  work  order.  It  is  a  serially  numbered,  multi-set  document,  four 
parts — one  copy  acts  as  a  requisition  for  parts.  The  shaded  areas  are  for  direct  key- 
punching. Labor  and  material  are  related  to  work  done.  The  five  digit  road  number 
eliminates  coding.  Major  assembly  numbers  reduce  writing  and  provide  the  key  to 
input/output. 

Maintenance    Reports 

Three  basic  regular  listings  will  be  explained: 

(1)  Cost  by  years — each  unit  (annual) 

(2)  Current  year  to  date  by  major  assembly  (monthly) 

(3)  Maintenance   detail — Part    (1) — monthly  annual  consolidation 

(2) — annual  consolidation 

NOTE:  Emphasis  has  been  placed  on  Random  Inquiry  for  special  duties. 

Maintenance   Life   to    Date    (Annual) 

This  listing  is  produced  at  year  end  to  portray  the  maintenance  history,  by 
year,  since  purchase  of  the  machine.  A  description  of  the  unit  (road  number,  type, 
make,  model,  manufacturer,  year  purchased,  purchase  price  and  rate  of  depreciation) 
precedes  the  maintenance  data  (separated  by  labor  hours,  labor  cost,  material  cost, 
total  cost)  for  each  year,  with  a  final  total  for  life  to  date.  It  is  possible  to  program 
the  computer  to  list  only  when  the  total  dollars  exceed  a  specified  amount,  A  review 
of  this  listing  gives  the  Maintenance  Manager  a  bird's  eye  view  of  the  fleet  as  well 
as  the  individual  units. 

Maintenance — Current   Year   to    Date    (Monthly) 

Because  this  listing  is  a  monthly  update  to  portray  the  cumulative  maintenance 
cost  for  the  current  year,  the  previous  monthly  print-out  can  be  destroyed. 

Totals  of  prior  years  expenses  are  listed  as  a  prefix  to  the  current  year  expenses 
for  ready  reference.  However,  the  currenl  year  expenses  are  listed  by  job  classifica- 
tion (see  Fig.  1  work  order)  with  all  of  the  same  fob  classifications  posted  togethei 
\<\  month  of  repair  occurrence.  A  total  is  shown  for  each  machine  year  to  date. 

This  record  highlights  maintenance  by  major  assemblj  I  job  classification  as  a 
guide  to  areas  requiring  deeper  analysis. 
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Maintenance    Detail 

Part  (I)  Monthly 

Part   (II)   Annual  Consolidation 

The  same  format  used  for  both  Printout  Headings  are:  five-digit  road  number, 
day,  month,  year,  job  classification,  component,  type  of  work  done,  code,  labor, 
hours  and  cost.  Material  quantity  and  cost,  part  number,  shop  number,  responsibility 
number  account  number  and  work  order  number. 

The  same  job  classifications  are  listed  together  by  day  and  month  sequence 
with   the  other  corresponding  factors  noted  for  the  "Printout  Headings." 

Each  group  of  job  classification  data  is  totalled  as  are  the  totals  for  all  job 
classification  data  for  the  machine  in  question. 

Some  Uses  of  Maintenance  Reports: 

—  overall  control  of  maintenance  dollars 

—  retirement  schedules 

—  guide  to  what  to  buy,  when  to  buy,  etc. 

—  warranty  claims 

— control  over  spare  parts 

—  troubleshooting 

—  component  life 

—  modification  of  equipment 

—  to  reduce  field  breakdowns 

—  preventive  maintenance  schedules 

—  supervision  of  shop  activities 

—  guide — economics  of  ownership 

Field    Operations,    Manned    Equipment 

One  source  document,  serially  numbered,  multi-set,  form  an  Operator's  Report. 
see  Fig.  2 — shaded  areas  are  for  direct  keypunching.  Note  the  Operator  only  has  to 
fill  out  one  line  per  day  across  the  form  under  the  various  headings  as  required  and 
with  one  form  for  each  job.  Across  the  top  is  accounting  data,  etc.  Note  the  five- 
digit  road  number  and  the  serial  number  for  document.  The  approximate  left  third 
of  the  form  is  for  Payroll  and  Distribution  of  Labor.  The  right  approximately  2/3 
of  the  form  is  for  Machine  Performance.  A  clerk  totals  the  information  and  lists  it 
in  the  lower  right  hand  corner  for  direct  keypunching. 

In  summary,   the  Operator's   report  provides  information   for: 

—  payroll 

—  distribution  of  labor 

—  utilization 

—  production — productivity 

Machine    Performance    Data 

Utilization — To  highlighl  DO  activitj 

Production — Productive  and  non-productive 

Productivity — Volume  of  work  achieved  against  potential 

The  key  to  non-product i\c  hours  arc  to  codes  31—36  for  regular  time  and  41—46 
for  overtime.   See   Kig.   2   for  detail. 
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Performance    Reports 

Highlights  productive  and  non-productive  time. 
There  are  3  basic  listing: 

( 1 )  Costs  by  years  for  each  unit  ( annual ) 

(2)  Current  year  to  date  by  cause  (monthly) 

(3)  Performance  detail  (Trail  to  Operator)  (monthly) 

NOTE:  Emphasis  has  been  placed  on  random  inquiry  for  special  studies. 

Machine   Performance   Cost   By   Year 

As  with  the  maintenance  output,  across  from  each  five-digit  road  number  there 
are  shown  the  type  and  kind  of  machine,  model,  manufacturer,  year  of  purchase, 
purchase  price,  percentage  of  depreciation  and  potential  work  load.  The  printout 
for  each  individual  machine,  group  of  machines  or  total  class  of  machines  is  under 
the  following  headings:  Road  number,  year,  production  hours,  productive  dollars, 
non-productive  hours,  non-productive  dollars,  total  hours,  total  labor  dollars,  cost 
of  supplies,  total  cost  and  volume  of  work  measurement. 

The  foregoing  data  is  provided  by  year  for  each  year  since  the  machine  was 
acquired. 

Current   Year   to    Date 

Prior  years  are  provided  as  with  the  previous  printout  cost  by  year.  However, 
the  information  for  the  current  year  is  printed  on  an  accumulative  monthly  basis 
with  the  last  month  printout  being  destroyed  when  the  new  is  received.  The  cur- 
rent year  printout  is  by  month  of  occurrence  and  codes  as  shown  in  the  Operator's 
Report.  See  Fig.  2,  Codes  10,  20,  31-37,  41-47  and  62-66,  etc. 

Machine    Performance   Detail 

A  monthly  printout  by  Codes  as  noted  in  the  Operator's  Report,  see  Fig.  2. 
However,  the  day  of  occurrence  and  the  serial  number  of  the  Operator's  report  is 
shown  so  that  a  trail  leads  to  the  Operator  of  the  machine,  also  the  account  number 
is  shown.  Some  uses  of  the  Machine  Performance  Reports  are: 

( 1 )  To  maximize  utilization 

(2)  To  reduce  non-productive  hours 

(3)  To  maximize  productivity 

(4)  To  control  operator  abuse 

(5)  Guide  to  further  mechanization 

(6)  Guide  to  what  to  buy,  when  to  buy,  etc. 

(7)  Operating  cost  per  unit  of  work 

(8)  Correlation — Operating  costs  to  Maintenance 

Equipment   Movement   Report    (Unmanned    Equipment) 

It  is  a  serially  numbered  multi-set  document  I  see  Fig.  3)  and  can  be  keypunched 
direct.   It  establishes  <>n  computer  printout  the  location  ol  each  machine  and  any 

changes   of   location    as    well    as    the   duration   of   use   by    tli<-    responsibility    number 
that  used  the  unit. 

PART   2 — FINANCIAL    MANAGEMENT 

The    c plete   cost   of    using   company-owned    equipment    includes   operating 

expenses  plus: 
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EQUIPMENT  MOVEMENT   REPORT 

WORK   EQUIPMENT  C.  U  C.  0  1 


ROAD   NO.                       I                                TYPE 
I. 

ROAD   NO. 

7. 

TYPE                                                ^ 

2.                                           j 

a. 

£3.                                           1 

9. 

5 

0.                                                          1 

5  *■                         ; 

10. 

0                             , 

5.                          ! 

11. 

6  .                                         1 

12. 

OPERATOR    (IF   APPLICABLE) 

HELPER 

J 

NAME 

SHIPPED  TO 

NAME 

LOCATION 

5 

LOCATION 

§        RESPON.    NO. 

RESPON.    NO. 

MOVE   AUTHORIZED    BY 

DATE 

1F  TO   SHOP,            REPAIRS         Q            RETURN           Q 
REASON         REPLACE        j— |            STORAGE       Q 

DATE    SHIPPED 


BAGGAGE    TAG    NO. 


( 

0 

DATE 

SIGNATURE 

^v 

> 

u 
u 
0: 

A 
EQUIPMENT 

F.E.    NO.            JOB    NO. 

OR    OTHER   NO. 

ENG. 

ACCT. 

NO. 

Z 

ASSIGNED 
TO 

0. 

EXPLAIN    IF    EQUIPMENT 

O 

IS    NOT    SERVICEABLE 

V 

WHEN    RECEIVED 

J 

DATE   TO    STORAGE 


SERVICEABLE 

YES    Q  NO    Q 


TO  SUPT.  WOP.K  EQUIPMENT  AFTER  EQUIPMENT  IS  RECEIVED 
Fig.   3 
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(a)  Depreciation 

(b)  Administration  expenses 

(c)  Overhead 

(d)  Transportation 

(e)  Loading  and  unloading  of  equipment,  etc. 

Therefore,  the  Financial  Management  Concept. 

The  Financial  Management  Concept  provides  a  dollar  yardstick  for  the  results 
for  the  management  equipment  enterprise  as  portrayed  in  Fig.  4.  The  Financial  Man- 
agement is  a  by-product  of  information  that  is  already  keypunched.  No  additional 
documents  are  required.  From  the  basic  machine  performance  and  movement  record 
data  the  users  of  equipment  are  charged  for  its  use  through  all-inclusive  owner- 
ship rates. 

There   are   two   chargeout   printout   reports   issued   to   the   users   of  equipment: 

(1)  Summary  for  Users  of  Equipment  (Monthly)  for  Each  Responsibility  Num- 
ber. The  report  is  in  dollars  for  unmanned  equipment  use. 

Manned  equipment  productive  hours  regular  time. 
Manned  equipment  productive  hours  overtime. 
Manned  equipment  non-productive  regular  time. 
Manned  equipment  non-productive  overtime. 
Attachments  productive  hours. 
Attachments  non-productive  equipment. 
Standby  equipment. 
NOTE:  These  total  expenses  exclude  repairs  and  set  up  and  service  which  are 
the  responsibility  of  the  supply  function.  For  codes  see  Operator's  report  Fig.  2. 

(2)  Ownership  Costs  of  Equipment  Assigned  to  Each  Track  Supervisor 
(Monthly). 

The  printout  comparable  to  an  invoice  is  listed  under  the  following  headings: 
account  number,  road  number,  document  number  (see  serial  number  on  Operator's 
report),  day,  month,  year,  codes  (see  Operator's  report,  Fig.  2),  productive  hours, 
da>s  (for  unmanned  equipment),  non-productive  hours,  volume  measurement,  regu- 
lar time  by  dollars  by  code  and  date,  overtime  by  dollars  by  code  and  date,  total 
COStS,  job  or  AFF  number.  Total  for  each  code  and  total  for  each  machine. 

The  chargeout  concept  provides  a  perpetual  inventory  by  location  and  the 
dollar  motivates  equipment  release. 

Three    Net    Result    Printouts    for    the    Equipment    Supply    Function 

(1)  Summary  of  Net  Results  for  the  Equipment  Supply  Function. 

Printout  covers  debits  and  credits  and  net  results  for  major  classes  of  equip- 
ment  for  the  current   month  and  year  to  date.  The  debits,  credits  and  net   results  an 

shown  in  total  for  the  current  month  and  year  to  date. 

(2)  Distribution  of  Ownership  Costs  versus  Revenues  from  Utilization. 

This  report  is  an  exo  nsion  of  the  summary  of  net  results.  The  expenses  are  listed 

under  major  class   by  current   month   and   year  to  date  by: 

(a)  Maintenance  expenses 

(b)  Operating  expenses 

(c)  Depreciation  expenses 

(d)  Administration  expenses 

(e)  Total  expenses 
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FINANCIAL      MANAGEMENT     CONCEPT 


Elements  of  Ownership  Costs 
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Total  revenues  are  shown  current  month  and  year  to  date  by  major  class  of 
equipment.  The  net  results  indicate  profit  or  loss  for  the  current  month  or  year 
to  date. 

(3)  Annual  Net  Results  by  Road  Number 

With  the  data  already  in  the  computer  it  is  possible  to  produce  a  Net  Result 
Statement  for  each  machine  as  a  byproduct. 

The  printout  is  under  the  following  headings:  road  number,  maintenance  ex- 
penses, operating  expenses,  interest  and  depreciation  expenses,  administrative  ex- 
penses, total  expenses,  chargeout  credit  for  the  use  of  the  machine,  net  results  either 
plus  or  minus.  Totals  for  each  major  class  of  equipment. 

It  will  be  seen  that  an  automatic  post  audit  for  Capital  Budget  expenditures 
can  be  made  by  establishing  the  cost  per  unit  of  work  (see  volume  of  work  opera- 
tor's report  (Fig.  2)  by  dividing  the  volume  of  work  into  the  total  expenses  for 
machine  in  question.  The  same  yardstick  for  cost  per  unit  of  work  under  the  old 
and  proposed  method  could  be  spelled  out  in  the  Capital  Budget  justification  data 
and  this  compared  witii  the   actual. 

Fig.  5  (see  next  page)  graphically  portrays  in  pyramid  form  the  Integrated 
Management  Information  System  for  use  by  the  various  levels  of  management. 
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(MANNED  EQUIPMENT) 


EQUIPMENT  ASSIGNED 
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DIRECTORY 

CONSULTING    ENGINEERS 


FRANK   R.   WOOLFORD 
Engineering   Consultant — Railroads 

24  Josepha   Ave. 

San   Francisco,  Ca.  94132 

(415)  587-1569 

246   Seadrift   Rd. 

Stinson  Beach,  Ca.  94970 

(415)  868-1555 


\AM  Westenhoff  &  Novick,  Inc. 
■^    Consulting   Engineers 

Railroads 

Bridges — Foundations 

Waterfront    Structures — Urban     Transportation 

Planning,    Feasibility,    Design,     Inspection 

222   W.  Adams  St.,   Chicago,   III.   60606 
New   York    .   Washington    .   Sao   Paulo 


RALPH  WHITEHEAD 
&  ASSOCIATES 

Consulting    Engineers 

Bridges,    Buildings,   Highways, 

Railroads,  Airports 

1945    RANDOLPH    ROAD 

CHARLOTTE,   NORTH    CAROLINA   28207 


Pittsburgh  Testing   Laboratory 

W.  T.  McHugh 

Assistant  to  the  President 

850  Poplar  Street 
Pittsburgh,   Pa.    15220 


HAZELET  &  ERDAL 

Consulting   Engineers 

Design         Investigations         Reports 
Fixed    and    Movable    Bridges 

150  So.  Wacker  Dr.,  Chicago,   III.   60606 
Louisville        Cincinnati        Washington 


dt 


carrier,  trottier, 
aubin 

ingenieurs- 
conseils 

990,   avenue   Holland, 
Quebec  6 
telephone  681-0018 

Centre  d'achat, 
Rond-Point,  Levis 
telephone  837-3792 

R.  Robert  Carrier,  b.sc.a.,  ing. 
res.  681-1680 
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R.  W.  Booker  &  Associates,  Inc. 

Engineers    •     Architects    •    Planners 


IS 


I 


Lexington,   Ky. 


1139   Olive  St. 

St.   Louis,   Mo.   63101 

(314)   421-1476 

Fort  Worth,  Texas 


HOWARD,  NEEDLES,  TAMMEN 
&  BERGENDOFF 

CONSULTING  ENGINEERS 

Railroad  Bridges,  Foundations,  Inspections, 
Relocations  and   Land  Development 

1 805   Grand  Avenue 

KANSAS    CITY,    MISSOURI    64108 

1345   Avenue  of  the  Americas 

NEW  YORK,   N.  Y.    10019 
Offices   in   Other  Principal  Cities 

HNTB 


M 


KIRKHAM 
MICHAEL 


Consulting  Engineers 

Omaha  •  Minneapolis  •  Rochester 
Fargo  •  Sioux  Falls 


PLUMB,   TUCKETT   &   HUBBARD, 
INC. 

Consulting  Engineers 

Railroad   Bridges 

Maintenance   Inspection, 

Rating,  Design 

Railroad    Buildings 

6481   Taft  Street     Gary,  Indiana  46410 


PARSONS, 
BRINCKERHOFF, 
QUADE  & 
DOUGLAS 

—  Engineer*  — 
Designers  Planners 

Rout*    Location,    Shop    Facilities,    Container/Bulk 

Cargo,    Handling,    Utilities,    Bridges,   Tunnels, 

Evaluations,    Appraisals,    Supervision. 

Ill    John  Street,  New  York,  N.  Y.   10038 

Boston      •     Denver     •     Honolulu 

San  Francisco     •     Trenton 


MICHAEL  BAKER,  JR., 

INC. 

CONSULTING  ENGINEERS 

Railway,   Bridge   and  Tunnel   Design, 

Water  and  Sewage,  Photogrammetry, 

Geo-sciences,  Surveying,  Ports 

and 

Harbors,   Environmental    Impact 

Studies 

P.   O.    Box    111     •    Rochester,   Pa. 

15074 

Jackson,   Miss.    •    New  York, 

N.  Y. 

Seattle,   Wash. 

CLARK,  DIETZ  AND 
ASSOCIATES-ENGINEERS,  INC. 

Consulting   Engineers 

Bridges     Structures,  Foundations,  Indus- 
trial Wastes  and  Railroad  Relocation 

211    No.   Race   St.,  Urbana,   III. 

Sanford,    Fla.  Memphis,  Tenn. 

Jackson,  Miss.  St.   Louis,   Mo. 

Chicago,  III. 


1  The  De  Leuw,  Gather  Organization 

UUU  CONSULTING  ENGINEERS 

165  W.  WACKER  DRIVE  •  CHICAGO  60601 


SUBWAYS  •  RAILROADS  •  SIGNAL  SYSTEMS 

PUBLIC  TRANSIT  •  TRAFFIC  •  PARKING 

HIGHWAYS  •  BRIDGES  .  PORT  DEVELOPMENT 

COMMUNITY  PLANNING  •  URBAN  RENEWAL 

MUNICIPAL  WORKS  •  INDUSTRIAL  •  AIRPORTS 

ENVIRONMENTAL  SCIENCE  AND  ENGINEERING 
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RAILWAY    ENGINEERING 
TOPOGRAPHIC  MAPPING 


DEXTER  M.  BRINKER 


Consulting  Engineer 

and 

Land  Surveyor 


.   Right-of-Way   and   Construction   Surveys 

.   Design  of  Trackwork,   Structures  and  Vehicles 

4660  W.  29th  Ave.,  Denver,  Colo.  80212 
477-6424 


HARDESTY  &   HANOVER 

Consulting  Engineers 

MASS  TRANSPORTATION 

Highways       •       Railways 

Bridges — Fixed   and    Movable 

Design       •       Resident   Inspection 

Studies       •       Appraisals 

101    Park   Ave.,   New   York,   N.  Y.    10017 


415/328-6920 


JOHN  V.  LOWNEY 


LOWNEY-KALDVEER 
ASSOCIATES 

Foundation/ Soil/Geological   Engineers 

145   ADDISON  AVENUE 

PALO  ALTO,   CALIFORNIA  94301 


MODJESKi  AND  MASTERS 

Consulting  Engineers 

Design,    Inspection   of  Construction   &   In- 
spection   of    Physical    Condition    of    Fixed 
&   Movable   Railroad    Bridges 

900  6th  St.,  Harrisburg,  Pa.  17105 

1055  St.  Charles  Ave.,  New  Orleans,  La. 

Wayne,   Pa. 


RES.  404-874-6452 


OFF.  404-577-5600 
523-3232 


RALPH   L   HAYDEN,   P.E. 

Vice   President 

RILEY,   PARK,   HAYDEN  &  ASSOC,   INC. 

Consulting  Engineers 

101    Marietta  Street,   N.W. 

Atlanta,   Ga.   30303 


THOMAS  K.  DYER,  INC. 

Consulting   Engineers 

Railroads — Transit  Systems 
Track,  Signals,  Structures 

Investigations    and    Feasibility    Reports 
Planning,    Design,    Contract    Document* 

1 762   Massachusetts  Avenue 
Lexington,   Mass.   02173 


ECONOMICAL  TRACK  DRAINAGE 
- 1 SPENO I  Ba^st  Cleaning 


.  ^SRi..U',v:l 


Cross  Section  showing  little  or  poor  drainage  before  Ballast  Cleaning. 


*- 


The  transformation  in 
drainage  conditions  shown 
in  these  photos  was 
accomplished  with  a 
SPENO  Ballast  Cleaning 
Machine . . .  Time  Tested 
—  and  Proved  — Year 
after  Year  on  the  railroads 
of  the  Nation. 

For  just  a  few  pennies 
per  track  foot  you  can 
have  good  track  drainage 
that  saves  maintenance 
dollars. 


Cross-Section  showing  good  drainage  after  cleaning  with  SPENO  Ballast  Cleaner. 

One  of  the  SPENO  Ballast  Cleaning  machines. 


Write  or  telephone  for  a  Ballast 
Cleaning  program  for  your  railroad. 


MEMBER 

fpf 


FRANK  SPENO  RAILROAD  BALLAST  CLEANING  co.,  inc. 


Clark    St.,    East    Syra 
Ph.   315   437  2547 


306   N.   Cayuga   St..   Ithaca,   N.Y. 
Ml.  607  272   3313 


Canadian  Sales  Representative:  IEC-HOLDEN  LTD.,  614  St.  James 
St.  W.,   Montreal  3,  Quebec,  Canada     Phone:   514  849-8131 


TRASCO  Track  Skates 


Preferred  by  skatemen 

Light 

Tough 

Balanced  hand  hold 

No  curl  tongue 

TRACK  SPECIALTIES 
COMPANY 

Box  729  Westport ,  Conn . 
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Committee  of  Tellers,    1972   Election 


The  following  committee  was  appointed  to  canvass  the  ballots  for  officers  and 
directors  and  for  members  of  the  Nominating  Committee,  the  count  being  made 
on  March  8,  1972. 


R.  E.  Pearson,  Chairman     G.  G.  Crabill 


R.  W.  Tipper, 

Vice  Chairman 
W.  R.  Addison 
L.  R.  Beattie 
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M.  R.  Bost 
W.  F.  Burt 
A.  H.  Galbraith 
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E.  H.  Hofmann 
D.  C.  Johnson 
J.  L.   Kampwirth 
R.  Klouda 
R.  E.  Kuston 
T.    Lassen 
C.  W.  Mahn 


J.  Mekechuk 

D.  J.  Moody 

J.  G.  Newloye 
J.  A.  Peebles 
L.  L.  Rekuch 
F.   H.   Smith 
W.  S.  Stokley 
N.  E.  Whitney 

E.  R.  Wiltz 
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Successful   Candidates   in    1972   Election 

For  President 
R.   M.  Brown,  Chief  Engineer,  Union  Pacific  Railroad,  Omaha,  Neb. 

For  Senior  Vice  President* 
D.   V.   Sartore,   Chief  Engineer-Design,  Burlington  Northern,  Inc.,  St.  Paul,  Minn. 

For  Junior  Vice  President 

R.   F.  Bush,  Chief  Engineer,  Erie  Lackawanna  Railway-Delaware  &  Hudson  Rail- 
way, Cleveland,  Ohio 

For  Directors 

East: 

B.  J.  Gordon,  Chief  Engineer-Maintenance  of  Way,  Penn  Central  Transportation 
Company,  Philadelphia,  Pa. 

West: 

B.  G.    Anderson,    Assistant    Vice   President-Engineering,    Burlington    Northern, 

Inc.,   St.   Paul,  Minn. 

C.  E.  Weller,  Chief  Engineer,  Chicago,  Rock  Island  &  Pacific  Railroad,  Chicago 

Canada: 

John  Fox,  Assistant  Chief  Engineer,  Canadian  Pacific  Limited,  Montreal,  Que. 

For  Members  of   1972   Nominating  Committee 

East: 

J.   J.    Dwyer,   Engineer  Environmental  Control,   Chesapeake  &  Ohio  Railway- 
Baltimore  &  Ohio  Railroad,  Huntington,  W.  Va. 

South: 

A.    C.    Parker,   Assistant  Chief   Engineer-^taff,   Seaboard   Coast  Line  Railroad, 
Jacksonville,  Fla. 

West: 

R.  E.  Haacke,  District  Engineer,  Union  Pacific  Railroad,  Pordand,  Ore. 

Canada: 

M.  S.  Wakely,  Chief  Engineer,  British  Columbia  Railway,  Vancouver,  B.  C. 

At  Large: 

C.  L.  Gatton,  Assistant  Chief  Engineer-Staff,  Louisville  &  Nashville  Railroad, 
Louisville,  Ky. 


0  Under    the    provisions    of    the    Constitution,    D.     V.    Sartore    advances    automatically    from 
Junior   Vice   President  to   Senior  Vice  President. 
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Address  by  President  A.   L.   Sams* 

It  has  traditionally  been  the  duty  and  privilege  of  the  President  of  the  Asso- 
ciation to  report  on  the  activities  of  the  past  year.  This  lias  been  a  particularlj 
challenging    year,    with    several    occurrences    of   special    significance    to    the    railroad 

industry.  We  have  attempted  to  keep  the  members  up  to  date  l>\  means  of  the 
AREA  News.  Nevertheless,  I  would  like  to  review  the  events  of  the  past  year  as 
they  have  affected  the  interests  of  AREA. 

Our  Association  is  an  organization  of  professional  men.  Like  other  such  organ- 
izations, it  maintains  high  standards  for  membership.  The  principal  function  of 
AREA  is  to  promote  the  growth  of  knowledge  and  exchange  of  information  among 
its  members.  Through  its  members,  the  Association  serves  the  railroad  industry. 
For  many  years,  the  AREA  officers  and  directors  have  also  functioned  as  the  Gen- 
eral Committee  of  the  AAR  Engineering  Division.  I  think  it  is  important  that  AREA 
members  understand  this  relationship  with  AAR  because  it  is  a  desirable  relation- 
ship from  the  standpoint  of  both  parties.  That  is  the  reason  for  devoting  the  first 
part  of  our  session  this  afternoon  to  the  AAR  Engineering  Division.  An  interesting 
program  is  scheduled  for  that  session,  including  a  panel  discussion  on  the  FRA 
Track  Safety  Standards.  All  members  and  guests  of  the  AREA  are  invited  to  attend 
the  Engineering  Division  session. 

Although  AREA  membership  remains  at  a  relatively  high  level,  we  did  expe- 
rience a  drop  last  year  from  3,341  at  the  beginning  of  the  year  to  3,264  at  the  end 
of  1971,  a  reduction  of  77.  Minor  variations  of  membership  from  year  to  year  are 
not  unusual,  considering  the  reduction  in  number  of  engineering  employees  on  the 
railroads  and  other  factors  which  prevent  participation  in  Association  functions. 
It  is  of  great  importance  that  we  continue  attracting  the  younger  engineering  em- 
ployees to  AREA  membership.  These  are  the  men  who  will  direct  the  affairs  of 
the  Association  and  the  engineering  work  of  the  railroads  in  the  future.  A  suitable 
blend  of  youth  with  its  energy  and  ambitions  and  maturity  with  its  knowledge  and 
experience  must  be  maintained.  Judging  from  the  number  of  young  faces  on  the 
convention  floor  this  morning  I  believe  that  we  are  successful  in  achieving  that 
blend.  But  we  cannot  reply  on  numbers  alone.  These  younger  members  must  be 
absorbed  into  the  Association  and  encouraged  to  participate  in  all  of  its  functions. 
They  must  become  involved  in  committee  work,  for  these  studies  and  exchange 
of  ideas  provide  the  foundation  for  the  growth  of  knowledge  which  is  so  essential 
to  the  railroads  of  the  future. 

The  Seventh  Annual  Regional  Meeting  was  held  in  St.  bonis.  Mo.,  on  Octobei 
21  last  year.  General  chairman  of  the  meeting  was  Earl  Franzen,  chief  engineer 
of  the  Missouri  Pacific  Railroad.  An  excellent  program  of  interesting  subjects  was 
presented.  There  can  be  no  doubt  that  the  concept  of  regional  meetings  is  a  good 
one.  Thej  present  an  opportunitj  for  AREA  to  reach  man)  members  in  a  local  ana 

who    inav     not    otherwise    be    able    to    participate    in     Association    f unctions.    The    next 

regional  meeting  will  be  held  iii  Atlanta.  Ga.,  iii  the  fall  of  L972  under  the  general 
chairmanship  of  R.  A.  Kelso,  chid  engineer-line  maintenance  <>f  the  Southern  Hall- 
way System. 

This  Association  also  cooperates  v\ith  other  professional  engineering  and  trans- 
portation  organizations.   A  special  committee  oi   the   Hoard  oi    Direction   has  been 


•Vice   Presidenl   &  Chiel    Engineer,   Illinois  c  entral   Railroad,  <  h 

549 


550         Bulletin  638 — American  Railway  Engineering  Association 

appointed  to  promote  our  relationship  with  the  American  Society  of  Civil  Engineers. 
From  time  to  time  AREA  is  a  participant  or  cooperating  organization  in  an  ASCE 
Transportation  Engineering  Conference.  The  next  such  conference  will  he  held  at 
Milwaukee,  Wis.,  July  17-21,  1972.  B.  J.  Worley,  vice  president-chief  engineer  of 
the  Chicago,  Milwaukee,  St.  Paul  &  Pacific  Railroad  represents  the  AREA  Board 
in  the  planning  for  that  conference.  The  program  will  include  papers  on  many 
aspects  of  other  modes  of  transportation  as  well  as  railroads.  Members  of  AREA 
and  others  who  are  interested  in  transportation  problems  from  a  broad  standpoint 
are  invited  to  attend  the  conference. 

Executive  Manager  Hodgkins  also  participates  in  discussions  with  oUier  pro- 
fessional societies  as  the  need  arises.  Currently,  for  example,  he  is  studying  an  invi- 
tation for  our  Association  to  join  the  Inter-Society  Committee  on  Transportation. 
In  this  connection  I  want  also  to  mention  our  excellent  relationship  with  REMSA. 
For  many  years  REMSA  and  its  predecessor  have  been  an  integral  part  of  every 
AREA  convention.  The  1972  REMSA  Exhibit  opened  yesterday  at  the  International 
Amphitheatre  and  will  be  open  until  Thursday  noon.  We  will  recess  our  convention 
tomorrow  afternoon  after  the  annual  luncheon  to  permit  you  to  view  the  exhibits. 
REMSA  is  also  cooperating  with  us  by  asking  their  members  to  close  the  hospitality 
rooms  and  to  minimize  informal  discussions  in  the  corridors  during  our  sessions  and 
the  annual  luncheon.  I  ask  our  members  and  guests  to  do  likewise  in  order  that  our 
program  will  be  more  enjoyable  and  meaningful. 

Several  changes  have  occurred  during  the  last  year  or  two  which  will  have  a 
significant  effect  on  AREA  and  the  railway  industry.  Last  May  1  the  National 
Railroad  Passenger  Corporation,  commonly  called  Amtrak,  took  over  the  operation 
of  nearly  all  the  inter-city  passenger  trains.  The  new  corporation  will  relieve  the 
railroads  of  a  huge  passenger  deficit  which  was  previously  incurred  annually.  Hope- 
fully, this  will  make  more  funds  available  for  needed  maintenance  of  the  physical 
property.  Insofar  as  the  AREA  is  concerned,  however,  Amtrak  is  a  mixed  blessing. 
Greater  restrictions  on  use  of  passes  have  made  it  more  difficult  for  some  members 
to  attend  AREA  committee  meetings  and  other  functions.  Some  committees  are 
finding  it  necessary  to  conduct  more  business  by  correspondence,  reducing  the  num- 
ber of  committee  meetings. 

Another  change  affecting  our  work  has  occurred  in  the  area  of  research.  We 
rely  almost  entirely  on  the  AAR  to  do  AREA  research.  Two  years  ago  the  AAR  re- 
established the  position  of  vice  president-research,  and  its  research  efforts  are  aimed 
in  a  new  direction.  Less  emphasis  is  placed  on  testing,  and  the  expanded  research 
budget  is  concentrated  on  a  fewer  number  of  important  projects.  One  result  of  this 
change  is  that  less  research  is  now  being  performed  for  AREA  committees.  While 
this  will  adversely  affect  AREA  work,  the  long-range  benefits  to  the  industry  should 
be  substantial. 

In  accordance  with  the  provisions  of  the  1970  Railway  Safety  Act,  the  Federal 
Railroad  Administration  adopted  and  published  Track  Safety  Standards  last  October. 
Those  of  us  involved  in  track  maintenance  are  deeply  concerned  with  the  increase 
in  cost  to  comply  with  some  of  the  Standards  and  the  relatively  minor  improve- 
ment in  safety  that  would  result.  An  intensive  effort  is  underway  to  convince  rep- 
resentatives of  ERA  that  the  Standards  are  more  stringent  and  costly  than  necessary 
for  safety.  This  effort  is  being  carried  out  as  an  AAR  Engineering  Division  project 
instead  of  an  AREA  project,  and  I  shall  comment  on  these  activities  at  greater 
length  this  afternoon.  Whatever  the  final  result,  we  can  all  be  sure  that  the  Safety 
Standards  will  have  an  impact  on  future  AREA  work. 
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Before  proceeding  to  our  technical  program,  I  want  to  pa)  tribute  to  a  group 
of  our  associates.  They  are  not  members  of  AREA  and  are  not  entitled  to  vote  on 
any  proceedings  before  tin's  convention.  Nevertheless,  the)  are  a  strong  influence 
on  our  personal  lives  and  have  contributed  much  to  the  success  of  our  efforts.  I 
refer,  of  course,  to  our  wives,  several  of  whom  are  present  this  morning.  A  rail- 
roader's life  is  a  transient  one,  especially  in  the  early  years  of  his  career.  Many  of 
our  wives  have  had  to  establish  a  home  under  some  adverse  circumstances  and  to 
make  sacrifices  that  all  too  often  went  unrecognized.  We  owe  more  than  we  can 
ever  adequately  repay  to  these  women  whose  sympathetic  understanding  of  our 
problems  has  made  our  success  possible. 

There  is  another  group  of  people  deserving  recognition  at  this  time.  Earl 
Hodgkins  and  his  staff  at  Association  headquarters  are  the  catalyst  which  transforms 
the  products  of  our  efforts  into  meaningful  and  worthwhile  permanent  records.  One 
could  not  serve  a  term  as  President  of  this  Association  without  getting  a  real  appre- 
ciation of  their  devotion  to  AREA. 

I  wish  also  to  express  my  gratitude  to  the  Convention  Operating  Committee. 
This  committee,  under  the  direction  of  Bruce  Miller,  plays  an  important  role  in  the 
smooth  functioning  of  the  Annual  Convention.  We  shall  see  the  results  of  their  work 
in  the  next  two  and  one-half  days. 

The  American  Railway  Engineering  Association  was  born  in  Buflalo,  \.  V.,  in 
1899.  C.  H.  Mottier,  a  predecessor  of  mine  in  the  office  I  now  occupy  on  the  Illinois 
Central,  also  filled  this  chair  during  the  Golden  Anniversary  in  1949.  Many  of  you 
present  today  will  recall  the  inspiring  words  of  the  slogan,  "A  Past  of  Achieve- 
ment-A  Future  of  Opportunity."  That  thought  was  as  true  as  it  was  inspirational. 
In  the  nearly  quarter  century  that  has  passed  since  1949,  we  have  proved  many 
times  that  AREA  is  an  opportunity  to  serve  the  professional  engineering  needs 
of  the  industry.  They  have  not  been  easy  years.  Sometimes  our  problems  seemed 
to  have  been  almost  insolvable.  but  we  have  shown  that  the  problems  are  the  oppor- 
tunities by  which  we  go  on  to  greater  achievements.  I  am  grateful  for  the  privilege 
of  being  an  active  participant  in  the  Association  during  the  past  quarter  century. 
I  have  a  firm  belief  in  the  future  of  the  railroad  industry,  (liven  the  freedom  to 
operate  at  maximum  effectiveness  without  undue  regulator)  restraints,  the  railroads 
will  continue  to  provide  economical  transportation  service.  I  have  great  confidence 
also  in  the  future  of  the  American  Railway  Engineering  Association.  As  long  as  the 
railroads  exist  there  will  be  engineering  problems.  Our  challenge  is  to  solve  these 
problems  as  we  have  been  doing  for  nearly  75  years. 
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Opening   Session   Address 

By    HENRI    F.    RUSH,    JR. 

Deputy    Administrator 

Federal    Railroad    Administration 

Department   of   Transportation 

John  Ingram,  our  administrator,  asked  me  to  express  his  very  deep  regrets  to 
you  that  he  couldn't  be  here  today.  Rank  has  its  privileges,  but  it  also  lias  its 
disadvantages,  and  he  is  laboring  under  one  of  those  disadvantages  at  the  moment. 
He  was  summoned  to  a  meeting  with  the  Secretary  of  Transportation  with  whom 
he  is  meeting  at  this  veiy  time.  Hence  he  could  not  be  here  no  matter  how  much 
he  would  like  to  be.  Even  flying  his  private  plane — and  hearing  John  talk  about 
how  fast  he  can  get  from  spot  to  spot  in  his  private  plane  is  sort  of  like  listening 
to  a  Volkswagen  enthusiast  talking  about  how  much  gas  he  can  save  driving  his 
VW — however,  even  using  his  plane  he  couldn't  be  in  Washington  for  a  meeting 
at   11:00  and  here  to  address  you  at  11:30.  Hence  you  have  me. 

I  understand  that  this  is  a  landmark  convention  for  you  people,  that  the  num- 
ber of  registrants  is  in  excess  of  a  thousand,  and  that  in  addition  a  fantastic  show 
is  being  put  on  by  the  supply  industry.  I  think  this  is  all  very,  very  encouraging. 
It  certainly  is  to  me  an  indication  of  life  in  an  industry  that  some  people  tend  to 
look  on  as  dormant  or  dying.  I  do  not  share  that  view,  and  I  think  that  meetings 
of  this  sort  tend  to  underscore  my  natural  optimism. 

I  make  no  pretensions  to  being  an  engineer  of  any  sort — track  or  otherwise; 
hence  I  am  not  going  to  talk  to  you  today  principally  about  engineering  or  track 
matters.  The  Nixon  Administration's  commitment  to  improving  transportation  has 
been  amply  demonstrated.  Until  1969  the  only  comprehensive  program  for  trans- 
portation development  was  the  highway  program.  The  waterways,  of  course,  were 
built  and  improved  on  an  ad  hoc  basis  out  of  the  Federal  treasury,  but  by  no 
means  could  that  be  considered,  to  my  mind,  a  comprehensive  development  pro- 
gram. Since  the  Nixon  Administration  has  taken  office,  you  have  had  in  rapid 
succession  the  Airways  Development  Bill,  the  Urban  Mass  Transportation  Act 
amendments,  and  the  Rail  Safety  Act  of  1970.  I'm  not  sure  that  any  of  these 
enactments,  which  I  would  view  as  landmark  pieces  of  legislation,  are  particularly 
of  comfort  to  members  of  the  rail  industry.  There  is  no  doubt  that  the  Rail  Safety 
Act,  as  such,  does  not  solve  the  fundamental  problems  of  the  railroad  industry, 
although  it  does  clearly  address  itself  to  a  most  significant  national  problem  related 
to  rails  and  the  railroads.  The  Railroad  Safety  Act,  we  at  FRA  are  all  aware,  is  a 
matter  of  considerable  concern  to  you  gentlemen,  insofar  as  the  standards  which 
we  developed  for  track  and  are  developing  for  equipment,  may  tend  to  increase 
your  costs  of  doing  business. 

We're  committed  to  working  with  you  to  make  sure  that  we  do  not  increase 
those  costs  unnecessarily  or  unreasonably.  At  the  same  time,  I  think  you  are  aware 
that  we  are  committed  to  making  sure  the  job  is  done  and  that  safety  is  improved 
regardless  of  cost.  I  know  that  many  of  you  have  had  a  chance  to  talk  to  Jack 
Rourke  of  our  organization,  who  has  been  involved  in  this.  And  many  of  you  are 
going  to  get  a  shot  at  him  this  afternoon.  Let  me  just  say  that  we  think  very 
highly  of  Jack  Rourke,  and  I  am  delighted  to  find  that  apparently  this  organization 
does  also.  I  understand  you  have  honored  him  recently  by  an  extraordinary  ad- 
mission   and    election    to    membership    by    resolution    of    the    Board    of   Direction.    I 
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think  that  he  will  be  an  excellent  go-between,  il  you  will,  or  coordinator,  "I  oui 
activities  and  your  activities   in  the  important  area  ol   rail  safety. 

As  I  indicated,  however,  nunc  of  the  major  pieces  d  transportation  legislation 

proposed  by  the  Administration  until  recently  has  dealt  with  the  Fundamental  ami 
deep  prohlems  of  the  rail  industry.  However,  las!  tail  President  Nixon  <li<l  propose 
legislation  which  it  enacted,  1  believe,  will  provide  the  kind  of  climate  in  which 
the  railroads  can  mow  and  prosper  and  thus  help  them  meet  the  (  oormous  demands 
which  will  be  placed  on  all  surface  transportation  in  the  L980's  and  beyond.  It 
is  these  proposals  that  1  would  like  to  discuss  principally  with  you  today.  1 
think  that  any  other  subject  that  I  could  think  of,  or  that  John  Ingram  could  think 
of,  is  not  as  important  as  this  fundamental  problem  of  achieving  a  climate  in  which 
the    American    railroad    industry    can    prosper    in    private    hands. 

With  increased  prosperity  in  the  railroad  industry  will  come  the  abilit)  to 
meet  safety  standards,  improve  present  operations  and  invest  in  the  research  and 
development  that  is  so  necessary  for  the  future.  The  I980's  will  see  tin  demand 
for  surface  transportation  increase  by  at  least  50  percent.  To  meet  these  increased 
demands  all  carriers  of  all  modes  must  have  an  improved  economic  base,  improved 
plant  and,  above  all,  an  ability  to  provide  improved  service.  The  railroads  carried 
an  estimated  44.8  percent  of  domestic  surface  freight  ton-miles  in  1970.  This  share 
must  he  maintained  if  the  industry's  profitability  in  1980  is  to  he  stabilized  and 
improved.  Vet  our  projected  profit  and  loss  trends  for  the  industry  are  not  com- 
forting. In  1970,  the  railroads  had  fixed  charges  of  $619  million,  and  a  consolidated 
net  income  of  S127  million.  Our  estimates  for  1980  show  fixed  charges  rising  to 
■SI. 47  billion,  more  than  doubling,  with  the  result  that  consolidated  net  income 
would  dip  to  a  $309  million  deficit.  At  the  same  time,  unless  present  trends  are 
reversed,  the  rail  market  share  of  surface  freight  will  slip  from  44.8  percent  to 
41.9  percent,  and  the  industry's  share  of  the  regulated  freight  dollar  will  drop 
from  34'2  cents  in    1970  to  298  cuts   in    1980. 

These  predictions  are  based  on  the  assumption  that  nothing  will  be  don.  to 
stem  present  trends.  This  would  be  a  seriousl)  negligent  response  and  one  which 
this  Administration,  and  in  that  sense  I  refer  both  to  the  federal  Railroad  Admin- 
istration and  the  Nixon  Administration  as  a  whole,  has  no  intention  of  permitting. 
Our  legislative  proposals  are  aimed  at  reversing  these  trends.  The  two  \i\<  n  Ad- 
ministration bills — the  Transportation  Regulatory  Modernization  Act.  which  is  re- 
ferred to  as  S  2842  and  in  the  House  as  UK  L1826,  and  tin  Transportation  Assist- 
ance Act,  S  2841  and  HR  11824 — are  focused  on  the  two  problem  anas  that  we 
consider    to   be  most   critical. 

Basic   to  the  proposed   Transportation   Modernization   Act   is  the  premise   that 

increased    reliance    on    competitive    forces    and    the-   ability   of    carriers    to    respond    to 
these    forces     is    essential     to    our    goal     of     revitalizing    a     privately-Owned     railroad 
industry    and    resolving    the    overall     national     transportation     system    to    halaiu  I        \ 
von    know,    the    railroads    have    the    dubious    distinction    of    being    the    most    regulated 
of    all    surface    transportation     industries.     I  hey    are     100    percent    regulated.     M 

carriers  are  onlv  lo  percent  regulated  and  water  earners,  roughlj  10  percent  s" 
the  onus  ot  economic  regulation  has  fallen  particular!)  haul  .m  the  railroads.  Be- 
cause ol   present   rate  regulation   we  have,  lor  example,   the  situation  when-  some 

railroad     rates    are    held    above    competitive    levels.     The    situation    has    cost    shippers 

dearly  ever)    year  in  excessive  freight  charges  pud  t.>  other  modes  for  traffic  that 

COuld      have     been      moved     as     ellieielitlv      and      less     expelisivelv      bv      rail.      I    lulel      the 
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Regulatory  Modernization  Act  we  proposed  to  establish  a  statutory  zone  of  reason- 
ableness within  which  carriers  would  be  given  the  flexibility  to  set  rates  based  on 
the  market  place,  subject  only  to  the  qualification  that  in  a  iion-conipetime  situa- 
tion such  rates  could  not  exceed  150  percent  of  fully  allocated  costs.  Subject  to 
another  caveat  at  the  bottom  of  the  zone,  no  rate  could  be  below  the  variable  cost 
for   transporting   the   commodity   involved. 

Because  this  represents  in  some  respects  a  marked  departure  from  past  prac- 
tice, we  have  proposed  that  these  changes  be  made  gradually  over  a  period  of 
time.  No  more  than  a  20  percent  adjustment  would  be  permitted  for  each  of  the 
first  two  years  and  then  the  final  adjustment  in  the  third  year  which  would  bring 
the  rate  into  line  with  the  guidelines.  Consistent  with  the  objective  of  furthering 
flexibility  and  freedom,  the  bill  would  also  amend  the  Interstate  Commerce  Ace 
which  entirely  exempts  rate  bureaus  from  the  anti-trust  laws.  This  exemption  has 
to  some  extent  created  a  lack  of  initiative  and  lack  of  competitiveness  among 
carriers  in  establishing  rates  and  it  is  for  this  reason  that  we  propose  to  amend 
that  provision. 

Another  source  of  financial  drain  on  the  railroads  is  the  length  of  time  it 
takes  in  some  states  to  approve  intra-state  tariffs  after  the  tariff  has  been  approved, 
or  a  general  increase  has  been  approved  by  the  Interstate  Commerce  Commission. 
Our  bill  would  limit  the  time  for  consideration  of  such  matters  to  seven  months 
and  then  require  that  the  change  be  made.  Along  the  same  line,  we  would  also 
eliminate  provisions  of  the  Act  which  at  present  require  a  rate  preference  to  be 
given  to  government  traffic. 

Finally,  the  Regulatory  Modernization  Act  woidd  establish  new  procedures 
and  standards  for  the  adjudication  of  railroad  abandonment  cases.  Now  I  think 
I've  gotten  into  you  gentlemen's  ballpark.  As  I  am  sure  you're  painfully  aware, 
we  are  operating  nearly  205,000  route  miles  of  track  in  this  country  at  the  present 
time.  Of  these  about  21,000  miles  are  extremely  light,  non-profitable  branch  lines 
which  we  have  estimated  are  costing  the  railroad  industry  at  present  levels  nearly 
$60  million.  We  are  not  talking  about  branch  lines  that  have  temporarily  fallen 
on  hard  times,  but  rather  about  established  losers  which  show  no  promise  of 
turning  a  profit.  Our  bill  provides  a  standard  of  1,000,000  annual  gross  ton-miles 
per  mile  of  track  in  connection  with  an  abandonment  proceeding.  That  is  the 
point  at  which  we  believe  one  arrives  at  a  breakeven  status  and  that  under  that 
volume  it  is  hard  to  justify,  except  for  exceptional  circumstances,  the  continuance 
of  a  line. 

Now  let  me  hasten  to  add  we  are  not  eliminating  abandonment  procedures 
entirely.  What  we  are  trying  to  do  is  to  rationalize  them  and  to  speed  them  up 
so  that  the  out-and-out  losers  can  be  eliminated  in  due  course.  Shippers  on  these 
marginal  lines  cannot  be  left  totally  without  service,  with  the  result  that  we  have 
provided  for  adequate  substitute  transportation  by  revising  and  liberalizing  the 
conditions  for  entry  of  truck  and  water  carriers.  Loosening  the  restrictions  on 
commodities  carried  and  points  served  and  the  equipment  used  on  routes  by  these 
motor  and  water  carriers,  will,  we  believe,  go  a  long  way  in  picking  up  the  slack 
that's  left. 

In  point  of  fact,  we  have  become  convinced  that  the  need  for  branch  lines 
has  declined  markedly  with  the  expansion  of  the  highway  network.  In  many  in- 
stances the  railroads  can  and  should  put  resources  that  are  going  into  those  branch 
lines  into  the  overall  mainline  network.   In   this  connection  I  might  add  that  we  do 
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not  envision   mass  abandonments  in    L972  or   L973  if  tins  legislation  is  passed,  but 
rather,  as  massive  upgrading  becomes  necessary,  these  lines  would  disappear  From 

the  system. 

Now,  I  don't  think  changes  in  regulation  are  the  total  cure-all  for  the  indus- 
try's problems.  However,  they  are  the  single  niosl  important  step,  in  my  opinion. 
toward  creating  the  sort  of  climate  in  which  rail  management  can  exercise  its  best 
judgment  and  the  railroads  can  revitalize  themselves. 

There  are  other  problems  that  must  he  addressed  and  these  are  addressed  in 
the  companion  Surface  Transportation  Assistance  Act.  The  three  most  critical  are. is 
that  were  identified  and  which  we  have  attempted  to  deal  with  in  that  Act  are: 
the  inability  of  carriers  at  present  to  secure  on  reasonable  terms  an  adequate  SUppl) 
of  freight  cars  and  other  rolling  stock;  the  lack  of  a  modem  national  system  for 
controlling  the  distribution  and  utilization  of  freight  cars;  and  the  continued  ex- 
istence of  discriminatory  and  unfair  taxes  on  the  property  of  surface  common 
carriers  by  some  state  and  local  governments.  We  estimate  an  average  of  62,000 
new  and  rebuilt  freight  cars  will  he  needed  annually  during  the  period  1971  to 
1980  for  replacement  purposes.  In  addition,  another  43,000  cars  per  year  will  he 
needed  through  1974  to  bring  the  national  fleet  up  to  an  appropriate  level.  Through 
1980  this  comes  to  a  total  of  approximately  750,000  cars  at  a  cost  of  $11.1  billion. 

The  Nixon  Administration's  proposed  Transportation  Assistance  Act  would  es- 
tablish  a  federal  equipment  obligation  insurance  fund  as  support  for  rolling  stock 
purchases.  Secondly,  that  legislation  would  provide  for  a  national  rolling  stock 
scheduling  and  control  system.  Surely  you  are  familiar  with  the  fact  that  freight 
cars  move  loaded  today  only  7  percent  of  the  time.  Unless  we  can  design  and  the 
railroads  can  build  a  control  system  to  enable  the  industry  to  locate  and  schedule 
the  present  1.8  million  cars  over  the  vast  rail  network,  this  problem  will  continue 
and    grow   even   worse   if  all  we  do  is  add   more  cars  to   the   Meet. 

The  hill  proposes  to  provide  $35  million  for  the  development  and  demonstra- 
tion of  management  systems  on  three  different  levels — first,  at  the  terminal  or  local 
level;  second,  the  individual  railroad  level;  and  finally  on  a  national  or  inter-railroad 
level.  We  believe  it  would  he  fruitless  to  develop  one  without  developing  all  at 
the  same  time,  and  that  the  cooperation  of  the  industry  and  the  Federal  govern- 
ment is  vitally  necessary  to  assure  the  effectiveness  of  any  system. 

Finally,  the  Transportation  Assistance  Act  would  make  it  unlawful  to  assess 
or  collect  a  higher  rate  of  property  tax  on  transportation  companj  propertj  than 
on  any  other  business  property  in  the  state.   Figures  for  1968,  which  was  the  last 

year   for   which    such    figures   were   available,   indicated    that    the   railroad    industry   lost 

roughlj  $69  million  because  of  discriminatory  state  and  local  taxation.  'Tin's  in  a 
broad  outline  is  the  Administrations  proposals  for  revitalizing,  or  rather,  and  more 
correctly,  lor  developing  a  climate  in  which  the  railroads  can  revitalize  themselves. 
Before  I  finish  I  would  like  to  address  mvselt  brief!)  to  some  ,>l  the  programs 
that  I  know  are  of  interest  to  you  gentlemen  here,  highlighting  in  some  instances 
the  individuals  who  will  he  appearing  before  you.  I  must  saj  that  I  am  delighted 
in  going  over  the  program  and  talking  to  people  lieu    to  see  that  FRA  has  become 

deeply    involved    and    enmesh,  d.    il    von    will,    in    your    overall    program.    I    think    this 

is   significant   and   will   he  advantageous   to  both  d   our  organizations  and   t<>   the 
individual   railroads  that  are  represented  hen 

During  the  pasl  year  engineering  design  was  completed  on  the  Rail  Dynamics 
Laboratory    to  be  located  at   Pueblo,  Colo.    \  lot  ol   people  have  heard  ol  the  test 
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tenter  hut  the  principal  lotus,  of  public  attention,  anyway,  lias  been  on  the  high 
speed  advanced  vehicles  that  are  to  be  tested  there.  The  linear  induction  motor 
test  vehicle  is  undergoing  testing  now.  We  plan  to  begin  testing  the  tracked  air 
cushion  research  vehicle  at  Pueblo  early  in  the  summer.  A  representative,  Mr.  Ross 
Gill,  from  our  Office  of  High  Speed  Ground  Transportation,  will  discuss  the  250 
mph  linear  induction  motor  vehicle  with  you  later  in  the  session.  We  felt  that 
subject  would  be  of  particular  interest  to  you  because  it  is  a  rail  vehicle  running 
on  a  conventional  track. 

Because   of   the   publicity   on    advanced    vehicles   it   seems   to   us   that   some   of 
the  more  fundamental  plans  for  research,  development  and  testing  of  conventional 
and/or    next-generation    railroad    equipment    is    being    overlooked.    And    that    indeed 
is    one   of   the   primary   reasons   for   establishing   the   test   center.   We   aim   to   learn 
through  the  rail  dynamics  lab  more  about  the  basic  phenomena  involved  in  rolling 
support   and   you   gentlemen   probably   more   than   anyone   else   can   appreciate  how 
much  more  we  need  to  know  in  this  area.   Construction  on  that  facility  will  begin 
this  spring  and  we  hope  to  commence  testing  in  mid   1973.   The  use  of  a  wheel- 
rail  dynamic  simulator  or  roller  rig  has   been   around   for  some  time.  The   concept 
has  been  used  in  France,  Germany,  Japan   and   England.   Our  simulator  will  make 
possible   simultaneous  simulation   of  all   track  irregularities  experienced  in  the  field, 
including  track  displacements  under  moving  loads.  We  will  be  able  to  test  today's 
vehicles    under   current    track   conditions,    as   well   as    tomorrow's   vehicles   at   much 
higher   speeds   and   under  improved   track   conditions.   We   will   also  have  20  miles 
of  conventional   track  at   the   test  center.   This   will   provide   a   field   testing   ground 
for   total   train    dynamics,    including    impact   effects    on   equipment  and   lading    and 
the    behavior    of    both    high-    and    low-speed    train    operations    over   variable    track 
and   vehicle   conditions.    The   trackage   will    also   permit   studies   of   track   structure, 
power    collection,    braking,    track    stability,    controls    and    communications,    crossing 
protection,   advance   obstacle   detection,    switching   and   others.   We   expect   to   have 
completed   at   least   6%   miles    of   track   and    10   miles   of   embankment   by   the   fall 
of   this   year.   What   we   learn   here   will   be   closely   correlated   with    data   from  the 
rail   laboratory.   As   a   companion   effort   we   are   conducting   a    track  structures  pro- 
gram with  the  collaboration  of  the  Santa  Fe  on  a  site  on  their  mainline  in  Kansas. 
The  program  is  designed  to  provide  more  stable  railroad  track  structures  for  present 
and   future   operating    conditions.    This    line   was    chosen    because   it   offers    the    ad- 
vantages   of   abundant    rail    traffic,    a   long   tangent   section,   and   uniform   and   rela- 
tively  flat   grades.   The   roadbed   there   is   also   considered    to   be   reasonably   typical 
of  that  existing  on  many  of  the  nation's  railroads  and  the  climate  is  quite  severe — 
it   says   here.   As   a   Missouri   boy,   I   guess   I   can   go   along  with   them.   It's   nice   in 
Missouri  but  it  is  severe  in  Kansas. 

Bill  O'Sullivan  from  our  office  of  research  and  development,  who  will  be 
speaking  to  you  later  in  the  week,  will  give  you  more  details  on  the  Kansas  proj- 
ect. Bill's  track  study  program  also  includes  various  theoretical  studies  and  com- 
prehensive   laboratory   experiments,    and    he   will   be   reporting   on   those. 

As  a  part  of  the  broader  track  research  program,  the  Department  has  devel- 
oped four  rail  research  test  cars  which  are  proving  invaluable  tools  for  information- 
gathering  on  track  structures.  Extensive  instrumentation  has  been  installed  on  board 
these  modified  electric  railroad  cars  and  we  believe  this  instrumentation,  par- 
ticularly the  newly  installed  digital  acquisition  system,  makes  these  test  cars  the 
finest  in  the  field  for  mechanized  track  testing.   The  cars  have  already  been  used 
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to  measure  some  6,000  miles  of  track  geometry.  Although  the)  are  self-propelled 
when  operated  on  electrified  lines,  we  are  now    using  them  also  on   non-electrified 

lines    by    having    them    towed    as    part    of    a    special    train    consist,    In    the    past    year 

alone  approximately  2,000  miles  of  track  were  surveyed  in  that  Fashion.  Track 
geometry  measurements  bave  also  been  made  on  the  linear  induction  motor  test 
track  at  the  test  center.  In  this  prot ess  we  are  also  developing  data  on  wheel-rail 
interaction  which  will  he  fed  into  the  rail  dynamics  laboratory  once  it  is  in 
operation. 

The  reason  for  mentioning  all  of  these  R&D  projects  was  not  to  impress  you 
with  the  many  Federal  programs  particularly,  although  I  think  that  you  are  inter- 
ested in  them.  Rather  the  point  was  to  underline  what  I  would  like  to  say  to  you 
and  what  1  am  sure  all  our  other  people  here  will  reiterate.  And  that  is  that  FRA 
is  extremely  interested  in  having  you  people  participate  with  us  in  the  work  that 
we  are  doing  and  in  sharing  the  products  of  our  research  and  your  research.  We've 
said  from  the  outset  that  the  test  center  was  conceived  as  a  place  where  govern- 
ment and  industry  could  work  together  on  some  of  the  problems  that  have  plagued 
the  industry  for  years.  We  want  and  need  the  benefit  of  your  ideas  and  we  are 
delighted  to  have  the  opportunity  to  share  ours  with  you.  By  tapping  the  resources 
of  all  the  experience  and  expertise  available,  these  facilities  can  achieve  the  results 
which  they  are  capable  of — and  only,  I  might  add,  if  we  proceed  in  that  fashion. 
It's  fine  to  have  the  research  capability  but  it  takes  people  to  make  that  capability 
work.   We   need   you   and  we  like  to  think  that  you   need  us. 

I  might  add  in  connection  with  this  that  while  we  have  issued  our  initial 
track  standards,  a  subject  which  I  am  sure  you  are  more  than  ready  to  dismiss 
with  us  this  afternoon,  we  do  not  consider  these  to  be  sacred.  They  have  not  been 
chiseled  in  stone  and  we  don't  believe  Congress  intended  us  to  do  so.  All  of  these 
standards  will  be  subject  in  the  future  to  change  and  refinement  as  our  knowledge 
grows  from  research,  development  and  testing.  This  includes  not  only  the  initial 
standards  but  dieir  expansion,  and  the  safety  standards  yet  to  be  developed  in 
the  areas  of  equipment  and  operation.  We  not  only  welcome  your  comments  on 
them,  we  actively  solicit  them. 

In  the  area  of  safety  there  have  been  encouraging  signs  in  the  past  couple 
of  years.  For  10  years,  until  just  2  years  ago,  there  was  a  continuing,  marked, 
very  disturbing  increase  in  railroad  accidents.  For  the  past  two  years  there  has 
been    a    marked    drop    in    almost    all    categories    of    railroad    accidents.    According    to 

our  preliminary  accident  figures  lor  L971,  train  accidents  dropped  in  that  yeai 
by  more  than  10  percent.  The  report  also  indicates  thai  a  23.9  percent  die  hue 
occurred  in  the  number  of  employees  killed  while  on  duty,  and  injuries  to  em- 
ployees on  duty  declined  by  13.9  percent.  Fatalities  from  rail-highwaj  grade  cross- 
ing accidents  also  showed  a  5  perceni  decline.  These  figures  are  encouraging,  but 
I  cannot  too  stronglj  emphasize  my  commitment.  I  think  I  need  not  tell  this 
audience  that  much  moie  has  to  be  done  in  the  area  ol  safety,  particular!}  in  the 
area  ot    grade   crossing   safety.    I    might    saj    that    I'm   quite  encouraged   that    von 

share  this  com  em.  You  are  having,  I  understand,  a  panel  at  which  one  ol  our 
men  working  in  this  area  is  going  to  participate,  and  it  will  be  a  good  chance  to 
talk    in    some    detail    about    the    programs    tli.it    WC    have    nndei    vvav.    As    von    know. 

under  the  Rail  Safetj    \<  t   we  were  required  to  and  have  submitted  Part   1  ol  out 

Study     on     made    erossinus.     The    serond     part     will     lie     submitted     in     Jul)     and     will 

contain  a  number  ol   specific  n  <  ommendations. 
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The  problems  in  this  ana  arc  really  terrific  when  you  take  into  account  the 
total  number  oJ  crossings  there  arc  in  the  country.  In  terms  ol  our  approach,  we 
have  started  a  program  within  the  northeast  corridor  aimed  at  the  development 
of  low-cost  protective  devices.  We  arc  working  with  the  Federal  Highway  Admin- 
istration and  the  states  to  attempt  to  eliminate  grade  crossings  or  to  separate  them 
along  the  route  of  the  Metroliners  and  Turbotrains  between  Washington  and  New 
York  and  Boston  and  New  York. 

Recently  we've  also  begun  a  passive  signing  demonstration  with  the  states 
of  Maryland  and  West  Virginia.  This  program  involves  the  installation  of  signs  at 
some  204  public  crossings  along  the  B&O's  mainline  which,  rather  than  using  the 
traditional  signs  and  the  crossed  bars,  uses  a  rectangle  with  the  legend  "Caution, 
High  Speed  Trains."  I  am  told  that  when  they  tried  one  of  those,  not  in  connection 
with  this  experiment,  in  one  of  the  suburbs  of  Washington,  it  had  the  ironic  effect 
of  causing  everyone  to  stop  but  greatly  promoting  the  number  of  rear  end  collisions 
that  they  had  had  at  that  particular  crossing.  Since  we  are  doing  this  cooperatively 
with  the  Federal  Highway  Administration  we  don't  want  to  arrive  at  that  result. 
We  are  attempting  to  attack  the  grade  crossing  problem  from  a  number  of  angles 
but,  as  I  indicated  and  as  you  certainly  realize,  a  great  deal  more  needs  to  be 
done  in  this  area,  and  we  will  count  on  you  and  continue  to  ask  Congressional 
support  in  our  efforts  in   this   area. 

In  conclusion  let  me  reiterate  the  fact  that  all  of  these  programs — the  track 
programs,  the  test  programs,  what  we're  doing,  what  you're  doing — are  terribly 
important.  But  in  candor  I  have  to  say  that  I  at  least,  and  maybe  because  I  am 
not  an  engineer,  view  these  as  being  on  the  periphery  of  the  problem  that  the 
nation  and  the  rail  industry  faces  today.  I  am  totally  convinced  that  a  change  in 
the  manner  of  regulation  so  as  to  give  railroad  management  the  freedom  to  manage 
rather  than  being  managed  indirectly  by  bureaucrats  in  Washington  is  the  key  to 
restoring  viability  to  the  rail  industry  in  this  country.  We  at  the  FRA,  the  Depart- 
ment itself,  and  the  Nixon  Administration  stand  totally  committed  to  the  objective 
of  achieving  a  healthy  railroad  industry  in  private  hands.  Thank  you  very  much. 
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By    ALAN    S.    BOYD 
President,    Illinois    Central    Railroad 

I  would  like  to  begin  by  applauding  .ill  of  you. 

There  is  some  common  sense  to  the  Chinese  habit  of  applauding  an  appreciative 

audience — it  illustrates  what  Walt  Whitman  meant  when  lie  observed  that  "great 
poems  require  great  audiences." 

The  reason  I'm  tempted  to  begin  with  applause  for  all  of  you  is  the  staggering 
amount  of  work  this  remarkable  organization  puts  into  the  nation's  railroad  network. 
\s  a  relative  new  comer  to  the  railroad  scene,  I've  been  quick  to  notice  what  many 
career  railroaders  take  too  much  for  granted:  the  hard,  hard  road  the  rail  industry's 
civil  engineers  have  had  to  travel  since  World  War  II. 

Difficult  tasks  can  be  burdensome. 

Performing  difficult  tasks  in  an  atmosphere  of  retreat  and  anxiety — requires 
miracles  of  personal  dedication   and  professional   accomplishment. 

Many  men  in  this  room  have  performed  such  miracles  under  discouraging  con- 
ditions:   sometimes  unnoticed;  often  unappreciated. 

I  would  rather  address  myself  to  them,  than  talk  about  the  Federal  Railroad 
Administration's  new  track  standards. 

By  way  of  comment  on  the  FRA's  track  standards,  however,  let  me  .say  that. 
insofar  as  track  standards  do  codify  a  minimum  structure  beneath  the  wheels  o! 
our  trains.  I'm  for  them.  I  think  every  railroad  officer  should  be.  Our  adverse  earn- 
ings trends  are  a  powerful  temptation  to  cut  corners  where  we  can.  The  fixed  plant, 
all  too  often,  has  been  the  place  where  the  cuts  were  made.  Years  of  that  has  led  to: 

— Slow  orders.  Such  slow  orders  create  demonstrable  adverse  costs,  and  deterio- 
rate  service   in   fashions   that   are   less   measurable,   but  even   more  costly. 

— It  has  led  to  what  one  of  our  union  officers  described  last  summer  as  "green 
tunnels"   on    some    branch   lines.    Such   conditions   are   unsafe   as  well   as   uneconomic. 

— It  has  led  to  lapses  in  long-term  economic  common-sense,  when  desperatel) 
needed  revenue  caused  us  to  use  equipment  clearly  not  in  harmony  with  the  plant 
we  have  and  can  maintain. 

\\  ,tli    good    Standards — and,    please,    urive   us   no  standards   that   sound    as    though 

they  were  written  l>y  a  supplier  salesman — this  group  can  rapidly  regain  the  or- 
ganizational places  and  budgets  that  have  been  eroded  since  World  War  II  under 
the  guise  ol  competitive  necessity. 

The    connection    between   commercial    and   operating   policies — and    vour    work- 
is    being   understood   by  more  and   more   industrv    leaders. 

British  track  is  an  example.  Unlike  U.  S.  track,  British  track  is  in  generally   line 

condition.    It    isn't    being    pounded    bv     heav  iei     and    heavier    loads.    In    the    magazine 

Railway  Track  b  Structures  last  December,  an  article  mentioned  that  Vrchie  Pat- 
terson, British  rail's  chief  civil  engineer,  is  being  pressured  l>>  his  sales  and  com- 
mercial  people  to  raise  limitations  on  a\le  loads. 

Sound  familiar? 

Well,  perhaps,  we're  all  going  to  benefit  from  track  standards  as  the)  ultimately 
shake  out.  Economical!)  accurate  commercial  judgements,  competitive  betterment 
and  other  pluses   ma)    accompan)    such   standards  as  by-products  to  the  safer)   we 

seek    fol    Our    Operating    people. 
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Another  by-product,  of  course,  is  that  matter  of  professional  self-respect  I 
mentioned  earlier.  That  seems  to  be  widely  threatened  among  people  working  in 
an  atmosphere  of  retreat  and  anxiety. 

Let's  take  a  moment  from  your  busy  meeting,  your  important  deliberations  and 
your  pressing  duties — to  talk  about  people  and  what  gets  'em  to  go.  And  about 
what  turns  them  off. 

The  possibility  of  any  large-scale  undertaking  being  a  winner  is  diminished 
if  various  elements  of  that  undertaking  are  out  of  touch  with  one  another. 

The  engineering  role  on  railroads  is  large-scale. 

Railroading  is  a  large-scale  activity. 

Any  large-scale  activity  must  have  constant,  effective  communications  and 
understanding   among  its   major  elements. 

Does  your  railroad  have  such  communications  and  understanding? 

We  only  have  it  imperfecdy  at  the  Illinois  Central.  I  have  the  impression  that 
other  railroads  have  similar  problems. 

We  do  have  torrents  of  talk  and  paperwork. 

But  the  talk — and  the  paperwork,  too,  for  that  matter — all  too  often  add  up 
to  noise,  not  understanding. 

Serious  lapses  in  understanding  exist  between  operators  and  engineers,  between 
shippers  and  traffic  officers,  between  labor  leaders  and  railroad  managers,  between 
political  leaders  and  industry  leaders,  between  industry  equipment  designers  and 
railway  engineers,  between  old  and  young  employees,  between  workers  and  officers, 
and  others. 

Such  lapses  in  understanding  are  not,  of  themselves,  noteworthy.  They  always 
exist,   even   in   the   most   agreeable   of  organizations. 

What  is  noteworthy  is  the  absence  of  "resolving"  communications,  the  open 
and  constructive  dialogue  that  helps  us  understand  each  other's  "diing,"  as  much 
as  we  might  need  to. 

Communications  on  a  healthy  railroad  have  to  be  more  than  a  stream  of  orders, 
more  than  a  recitation  of  "policy"  in  response  to  the  statement  of  problems. 

Communications  have  to  be  a  way  of  resolving  conflict,  finding  answers,  and 
cutting  through  the  harriers  that  large-scale  organizations  ahvays  seem  to  create 
between  functionally  different  people. 

Without  constant  work  to  reduce  the  gaps  in  understanding  created  by  such 
barriers,  functionally  dedicated  people  in  an  organization  can,  literally,  become 
either  ineffective  or  over-effective,  to  the  detriment  of  overall  objectives. 

The  railroads  must  become  capable  of  constant  self-renewal,  without  being  a 
conduit  for  unfair  claims  from  shippers,  labor  or  management  to  the  public.  To  do 
so,  railroads  will  have  to  have  more  sophisticated  and  effective  means  of  conflict 
resolution. 

We  cannot  any  longer  afford  the  managerial  polarization  afflicting  many  rail- 
roads today.  Inter-railroad  polarization  is  also  increasing.  Needless  to  say,  the 
industry-wide  pressures  of  retreat  and  anxiety  are  steadily  increasing  all  such  polari- 
zation. In  time,  the  gaps  in  understanding  between  the  various  functional  groups 
basic  to  our  industry,  and  between  roads,  will  become  quite  dangerous.  They  will 
generate  fear  and  hostility,  instead  of  understanding  and  useful  consensus. 

It  is  only  during  the  past  generation  that  the  civil  engineers  and  other  groups 
on   the  railroads  have  been  drifting  out  of  touch  with  each  other.  The  railroads 


Address  by  Alan  S.  Boyd 563 

reacted  to  competitive  pressures  by  "living"  on  past  investment  in  theii  rights-of- 
way.  They  fnnneled  more  of  their  scarce  funds  in  their  i < illinu  stock.  The  rolfi  of 
the  professional  engineers  suffered. 

As  custodians  of  the  fixed  plant,  the)  have  always  enjoyed  a  great  role  in 
the  affairs  of  the  railroads.  On  Illinois  Central,  few  officers  have  been  more  impor- 
tant than  our  chief  engineers.  Chief  engineers  have,  historically,  been  prime  candi- 
dates for  railway  presidents,  chief  operating  officers  and  chief  administrative  officers. 

In  the  past  couple  of  decades — since  World  War  II,  really — the  role  <>f  the 
engineers  has  changed.  The  bitter  atmosphere  of  retreat  and  anxietj  permeated  the 
departments  where  once  miracles  were  commonplace,  and  morale  was  a  miracle 
based   upon   self-confidence. 

Lately,  we've  learned  a  great  deal. 

The  financial  community  is  giving  us  some  hard  lessons  in  the  high  cost  of 
not  having  enough  cash   How. 

The  shippers  have  given  us  some  rather  painful  demonstrations  of  how  to  keep 
what  you've  got  and  get  what  you  want  through  Congress  and  the  Commission  if 
you  can't  get  it  by  dealing  with  railroads. 

The  Congress  has  shown  us  what  problems  we  beget  when  we  do  not  take 
care  to  communicate  constantly  our  circumstances,  and  also  to  care  about  having 
enough  allies. 

The  operating  and  commercial  people  are  increasingly  aware  of  the  problems 
they  can  create  for  you  engineers  by  unrealistic  demands  upon  the  fixed  plant. 

And,  finally,  you  engineers  are  learning  you  cannot  shrug  your  shoulders  and 
consider  the  job   done   when  your  budget  request  has  been  declined. 

All  these  groups,  in  some  fashion  or  other,  have  gaps  in  understanding  that 
prevent  us  from  achieving  our  objectives.  Depending  upon  the  degree  of  polariza- 
tion  our  organizations   have   achieved — we  have  conflict. 

Notice  diat  I  did  not  say  that  the  greater  the  polarization  the  greater  the  con- 
flict. It  doesn't  always  work  that  way.  Some  of  the  quietest  of  organizations  are 
the  most  completely  and  hopelessly  polarized. 

Conflict,  of  itself,  it  not  threatening  the  railroads. 

Silence,  based  upon  rigid,  polarized  functional  positions — is,  really,  far  moo 
threatening. 

In  our  kind  of  society,  there  is  always  shouting  and  shoving  as  conflicting 
viewpoints    refine   themselves    toward   workable   consensus. 

What  endangers  large  organizations  are  deeply  mistaken,  deepl)  embedded 
policies,  really  devastating  silences  when  questions  are  asked,  and  polarized  groups 
between  whom  no  real  communication  takes  place. 

The  railroads  capable  of  surmounting  today's  problems  are  those  roads  that 
have  various,  effective  ways  to  resolve  conflicts.  Such  conflict  resolution  is  l>\  do 
means  onlj    Deeded   internally.   In  societj    at   large,  conflict  resolution  is  even  more 

difficult    because    we    ha\e   so    iniirh    to   learn. 

Where  w ill  renewal  begin? 

ft  will  begin  with  you,  and  me,  and  everyone  els,  who  is  a  part  oi  tins  enor- 
mous!)   productive  and  important   industry. 

It  takes  no  great  insight  to  know  that  tb    railroads  are  going  to  be  revi 
perhaps  upon   a   technological   scale  and  capacit)    not  even  dreamed  ol   now.  Our 
industry's  competitive   nadir  notwithstanding,    I   think   railroads  will  he  rebuilt  be- 
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lore  the  end  ol  the  century — for  the  very  best  reason.  Our  society  simply  has  qo 
reasonable  alternative  to  railroad  capacity,  and  we'll  be  needing  far  more  of  it  in 
time   to  come. 

And  that,  of  course,   means  a  great  deal  to  all  of  you  in  AREA. 

I  am  not  implying,  by  the  way,  that  I  have  a  doodlebug  which  tells  me  where 
this  deposit  of  welcome  futurity  is  for  all  you  civil  engineers.  All  I  know  is  that 
the  need  for  rail  restoration  exists,  and  that  such  restoration  is  in  the  public  interest 
insofar  as  resources,  space,  environment  and  social  cost  are  concerned. 

Will  it  happen? 

I  think  it  will.  And  you  will  be  the  men  who  have  to  help  make  it  happen. 

Now,  a  high  level  of  morale  is  essential  for  great  enterprise.  We  must  believe 
in   our  mission — in  the  possibility  of  rebuilding  the  industry. 

The  shrinking  morale  of  our  industry's  engineers  in  recent  years  was  caused 
by  lost  battles  and  uncertain  leadership.  Crowing  communication  gaps  were  based 
upon  growing  polarization  of  viewpoints.  The  gaps  between  values  we  held  and 
practices  we  adopted — began  the  breakdown  of  morale  that  has  widely  hindered 
rail  operations  and  renewal. 

Such  demoralization  is  not  yet  dangerous,  but  it  could  turn  into  corporate  and 
organizational  apathy.  Such  demoralization  is  not  exclusively  an  engineering  prob- 
lem; it  is  everywhere  a  concomitant  of  the  polarization  I've  been  talking  about — 
in  operations,  sales,  executive,  public  relations  and  other  rail  departments.  The 
symptoms  are  everywhere  the  same — a  feeling  of  helplessness  and  uselessness  in 
an  organization  and  environment  too  large  and  too  complex  for  meaningful  analysis. 

It  is  the  start  of  organizational  alienation.  It  telegraphs  the  corporate  drop-out, 
the  officer  or  employee  who  gives  up  any  serious  notion  of  meeting  his  responsibility. 

So,  how  shall  we  build  what  we're  going  to  have  to  build,  if  I  prove  to  be  cor- 
rect in  my  assessment  of  the  nation's  need  of  rail  capacity? 

We  could  build  such  capacity  by  federal  fiat.  That  would  be  a  tragedy.  We 
all  know,  in  an  engineering  sense,  that  we  can't  go  home  again.  The  rails  will  never 
have  a  monopoly  again. 

So,  we'll  have  to  worry  about  the  future  in  terms  and  disciplines  that  would 
strike  the  long-ago  railroad  builders  as  very  strange  indeed. 

We  have  to  brood  about  trucks,  barges  and  airplanes. 

We  have  to  worry  about  antiquated  rate  structures  and  even  more  antiquated 
regulation. 

About  land  use. 

About  metropolitan   concentrations  that  stretch  for  hundreds  of  miles. 

We'll  have  to  worry  about  the  oceans  of  money  needed  to  modernize. 

About  unions  that  demand  more  and  more  for  the  individuals  whose  lives  are 
committed  to  our  future. 

About  shippers  whose  expert  playing  of  self-interest  in  modal  choice  and  pri- 
vate carriage  would  make  the  Robber  Barons  themselves  blink  in  open  admiration. 

We  also  have  to  worry  about  the  poor,  the  black,  the  young,  and  the  alienated 
— just  like   all   other  considerable  institutions  must  in  this  day  and  age. 

What  a  job.  What  a  challenge! 

I  think  we  all  agree  the  industry  is  endangered.  Penn  Central's  present  state 
dramatically  illustrates  what  we'd  been  saying  ineffectually  for  years. 

But  it  may  well  be  that  we  were  in  greater  peril  when  we  were  just  worried, 
and  not   really  threatened. 
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We'll  not  really  be  on  our  way  until  we  have  courage  and  vision,  and  act  upon 
them.  And  then  we'll  succeed  only  when  we  convince  a  large  number  of  trans- 
portation people — from  all  modes  really — and  shippers  ol  their  role  in  our  decline, 
and  get  them  to  feel  the  need  to  help  us. 

Only  then  will  we  be  on  our  way  toward  something  better.  Only  then  can  we 
be   ready  for  the  long,  exciting  task  of  building  a  new    railroad  industry. 

By  then,  of  course,  you  civil  engineers,  and  the  rest  of  us  railroaders,  too,  will 
have   new  purpose  and  new  aspirations. 

We'll  all  be  united  again  by  the  demands  of  an  Inspiring,  useful  mission — 
the  rebuilding  of  America's  railroads.  That  will  put  our  future  ahead  of  us — where 
it  should  be. 

Thanks  very  much   for  asking  me  to  be  with  you  today. 
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Ideal   Systems — A   New  Approach  to   Design 

73-638-1 

By    R.    D.    PENHALLEGON 

Industrial    Engineer 

Chesapeake    &    Ohio    Railway-Baltimore    &    Ohio    Railroad 

As  you  know,  this  year's  convention  program  is  a  departure  from  the  Formal 
of  previous  years.  I  also  plan  to  depart  from  the  usual  presentation  format  because 
I'd  like  to  discuss  design  concepts  rather  than  research  developments  or  engineer- 
ing techniques.  I  use  the  term  design  in  a  genera]  sense  to  include  nol  onlj  hard- 
ware designs  but  also  any  designs  required  to  accomplish  necessary  I  unctions. 
While  some  of  us  may  not  have  thought  of  ourselves  as  designers,  I  think  you  II 
find  that  a   basic   awareness  of  design  concepts  is  relevant  to  all  of  us. 

This  morning  I'd  like  to  present  a  rela'ively  new  concept  for  the  design  ol 
work  systems — a  concept  which,  appropriately  enough,  is  called  work  design.  This 
approach  has  been  used  successfully  for  design  projects  ranging  from  hospital  sys- 
tems to  entire  manufacturing  plants.  I'll  discuss  the  meaning  of  work  systems,  and 
some  design  strategies  commonly  used  today.  We  will  also  take  a  brief  look  at  a 
railroad    design    project    in   which    the   work   design   concept   was    used. 

Work   design   is  structured  to  achieve  results  through  three  pouts  ol  emphasis: 

1.  A  universally  acceptable  definition  of  system. 

2.  A    strategy    for    designing    and    improving    systems    that    produces    si1  nifi- 
cantly  better   results   than   conventional   strategies. 

3.  A  program  for  using  these  ideas  in  a  manner  that  emphasizes  the  involve- 
ment  of   people   on    a    design    team. 

Those   of  you   who  may  have  heard  of  the  work  design  concept   know    that    it   is 
romewhat   controversial.    Proponents   of   work   design   are   convinced   that    it   always 
leads   to   more  effective   designs  of  work  systems,  and   in   less   time   than  conventional 
methods.    Others  claim    that   it   is  simply  another  way  of  describing  the   type  ol    de 
rigning  they  have  always  done.   I'll  leave  the  judgment  to  you,  but  in  any  event, 

I   think    you'll    find   these   ideas   thought-provoking,   and  hopefully   ireful    in   your  own 
work. 

Fundamental    to    work    design    is    an    understanding   ot    work    systems.    The    word 
"system"   is   probably  one  of  the   most   used   terms  of  technical   jargon.    We   talk   about 

systems  engineering,  information  systems,  computer  systems,  cost  systems,  hydraulic 
s  stems,   and  even   railway   systems,  often   without   a  clear   understanding  el   whal 

i    system    really    is.    What.    then,    is    a    work    System?    If   our    intent    is    to    design    work 
Systems,    then    we    need   a    prescriptive   definition   of  the   term    to   aid    in   this   task. 

We    can    relate    systems    to    organizational    units    ranging    in    si/<-    from    a    single 

individual  to  a  nation  or  perhaps  beyond.   Every  organizational  unit   musl   have    i 

purpose,    whether    it    be    to    drive    spikes,    to    maintain    track     01    to    govern    a    nation 

Obviously,   complex   organizations  can   have   man)    purposes,   but   an   organizational 
unit   generally   starts   with   only   one  basic   purpose. 

To   achieve   its   purpose,   an   organization   must    have   resources  ol    three   basil 

types:    human,    physical    and    financial.   These   are   basiealh    the   same    resources      land 

labor  and  capital — that  economists  define  as   tin    fundamental  building  blocks  foi 
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FIG,  1--THE  P-R-S  CONCEPT 
PURPOSE  -« -RESOURCES 


SYSTEMS 

economic  development.  The  purpose  of  an  organizational  unit  tends  to  specify  the 
resources  required,  but  the  development  of  existing  resources  or  the  acquisition  of 
new  ones  will  also  tend  to  modify  the  original  purpose.  So  there  is  always  dynamic 
interplay  between  purposes  and  resources,  as  the  bi-directional  arrows  indicate  on 
Fig.   1. 

Purposes  are  not  achieved  by  the  availability  of  resources  alone.  A  factory 
designed  and  equipped  to  manufacture  automobiles  does  not  insure  that  automobiles 
will  be  built,  nor  will  the  availability  of  track,  rolling  stock,  and  manpower  provide 
rail  transport  services.  The  additional  ingredient  needed  is  a  system  to  turn  pur- 
poses and  resources  into  results.  A  work  system,  then,  is  the  effective  interrelation- 
ship of  the  human,  physical,  and  financial  resources  required  to  achieve  one  or 
more   of   the   purposes   of   the   organizational  unit. 

The  selection  of  a  system  tends  to  influence  both  purposes  and  resources.  New 
or  improved  systems  such  as  dieselization  of  railroads  has  obviously  changed  man- 
power and  material  requirements,  but  it  has  also  changed  organizational  purposes 
by  making  it  possible  to  provide  rail  services  not  available  in  the  past.  Consequently 
there  is  dynamic  interplay  between  systems  and  both  resources  and  purposes.  In 
designing  systems,  we  must  recognize  the  influence  of  purpose  and  resources  on 
the  system.  The  particular  system  which  we  are  most  interested  in  as  designers  are 
work  systems,  that  is,  systems  whose  broad  purpose  is  to  increase  productivity  and 
develop  manpower  effectiveness. 

I  mentioned  some  examples  of  organizational  units  of  various  sizes;  systems, 
too,  can  vary  in  size.  Consider  for  a  moment  a  complex  piece  of  track  machinery. 
The  entire  machine  is  a  system,  but  it  is  also  composed  of  smaller  systems  such  as 
the  mechanical,  electrical,  and  hydraulic  sub-systems.  These  sub-systems  could  be 
broken  down  still  further.  Any  particular  sub-system  is  a  component  of  a  larger 
system,  but  particular  groups  of  sub-systems  can  have  a  parallel  or  horizontal 
relationship  to  each  other. 

To  illustrate  this  concept  of  system  hierarchies,  let  us  consider  a  system  of 
government.  Chicago,  Cook  County,  and  Illinois  are  each  sub-systems  of  the  sys- 
tem, "U.S.A.".  This  is  a  vertical  system  hierarchy.  Indiana,  Texas,  and  Ohio  are 
also  parts  of  the  U.S.A.,  but  they  are  parallel  or  horizontal  sub-systems  with  respect 
to  Illinois.  The  concept  of  systems  hierarchies  may  appear  to  be  trivial,  but  its  im- 
portance should  become  clear  as  we  proceed. 

Any  system  at  any  level  in  the  hierarchy  can  be  described  in  terms  of  its  seven 
elements.  These  are: 
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1.  FUNCTION:  The  primary  purpose  of   the  system.    \n   understanding  of 

the    true    function    of    a    System    is    oik     of    the    fundamental    keys    to    a    sue- 

cessful  design.  The  function  of   a  system   is  distinctly  different   from   its 

output,  the  seeond  system  element. 

2.  OUTPUT:  The  physical  items — information,  services  or  human  beings — 
which  result  from  the  processing  of  inputs.  Function  describes  what  the 
system  is  to  accomplish,  while  the  output  describes  how    it   is  to  he  done. 

3.  INPUTS:  Any  physical  items,  information,  or  people  on  which  processing 
is  to  be  done. 

4.  SEQUENCE:  The  process  by  which  inputs  are  changed  to  outputs.  Note 
that  sequence  alone  does  not  describe  the  system;  it  is  only  one  ot  seven 
elements. 

5.  ENVIRONMENT:  The  physical  and  sociological  factors  within  which  tin 
other  system  elements  operate. 

6.  PHYSICAL  CATALYSTS:  Physical  resources  which  aid  in  converting  the 
inputs  to  outputs  without  becoming  part  of  the  output. 

7.  HUMAN  AGENTS:  People  required  by  the  sequence  hut  which  do  not 
become  part  of  the   output. 

There  is   also  a  possible  eighth  element — information  catalysts. 

We  can  illustrate  a  system  by  using  a  hopper  (Fig.  2)  where  inputs  enter  the 
top  and  outputs  leave  at  the  bottom.  The  hopper  itself  frames  the  environment  that 
the  other  system  elements  operate  in.  Successively  larger  or  higher  level  systems 
with  broader  functions  form  successively  larger  hoppers  around  the  original  system. 

The   design   of   any    System   can   be   described   by   a    system    design    matrix.    Mote 

FIG.  2--SYSTEM  HOPPER 
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that  For  each  of  the  seven,  and  possibly  eight,  system  elements,  there  are  four  dimen- 
sions— physical,  rate,  state  and  control.  The  physical  dimension  is  the  tangible  or 
observable  dimension  which  states  the  mode  of  existence  for  each  of  the  elements. 
None  of  the  other  dimensions  can   exist  without   the  physical   dimensions. 

The  rate  dimension  is  a  measure  of  the  specifications  of  the  physical  dimension. 
It  is  generally  provided  on  a  per  unit  time  basis,  but  other  units  such  as  dollars  are 
equally  acceptable,  depending  on  the  system  being  described. 

The  state  dimension  is  the  planned  point  at  which  the  other  dimensions  are 
expected  to  be  in  the  future.  It  requires  a  time  base  scale  to  describe  the  growth 
or  decay  of  the  other  dimensions.  The  state  dimension  is  like  a  built-in  scale  of 
change  for  the  system.   Planned  obsolescence  is  a  type  of  state  dimension. 

The  control  dimension  is  the  way  that  physical  and  rate  dimensions  of  each 
clement  are  measured,  compared  and  corrected  if  necessary  to  maintain  the  desired 
attributes   of   the   system   during   operation. 

The  design  matrix  is  easier  to  talk  about  than  it  is  to  complete,  but  it  is  impor- 
tant because  its  completion  is  necessary  to  properly  describe  a  design.  Completion 
of  the  design  matrix  does  not  mean  throwing  a  phrase  or  two  into  each  of  the  matrix 
cells  in  the  literal  sense.  It  means  completion  of  all  cells  appropriate  to  a  system 
with  detailed  documentation,  or  by  developing  a  model  for  each  cell.  "Model"  is  a 
general  term  which  includes  mathematical  models,  flow  charts,  computer  programs, 
work  sampling,  or  even  physical  models.  Perhaps  the  most  commonly  used  model 
is  the  engineering  drawing  but  I  think  you'll  agree  that  an  engineering  drawing  or 
set  of  drawings  is  not  a  system  design  in  itself,  but  only  one  part  of  a  complete 
package  necessary  to  properly  describe  a  fully  designed  system. 

If  the  process  of  designing  a  system  boils  down  to  completion  of  a  design 
matrix,  then  what  is  the  most  effective  way  to  do  it?  Obviously,  we  need  a  design 
strategy.  Let's  review  for  a  moment  two  well-known  strategies  ( Fig.  3 )  and  their 
relationships  to  design.  Probably  the  best  known  is  the  "research  strategy,"  some- 
times called  the  scientific  method.  The  research  strategy  is  geared  to  analysis  to 
discover  generalizations  based  on  specific  facts.  While  it  may  be  used  on  a  part 
of  the  design  process  when  research  is  required,  it  falls  short  of  being  a  useful 
overall  design  strategy  simply  because  research  and  design  are  not  the  same  thing. 

The  strategy  used  by  most  industrial  engineers  and  other  designers  is  called 
the   "conventional    design   strategy."   Its   steps   are   to    ( 1 )    analyze  the   problem   for 
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1.  Define  The  Problem 

2.  Collect  Data 

3.  Establish  A  Hypothesis 

4.  Test  The  Hypothesis 

5.  Form  A  Conclusion 


1.  Identify  The  Problem 

2.  Divide  System  Into  Components 

3.  Question  Each  Component 

4.  Formulate  New  System 
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—  Theoretical  Ideal  System 
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which  a  single  system,  products,  or  piece  of  equipment  is  required;  (2)  subdivide 
the  problem  into  its  component  parts;  (3)  question  each  of  the  components  for  their 
need  or  possible  defects;  and  (4)  recombine  the  remaining  or  changed  components 
into  a  new  system.  Again,  this  strategy  is  based  on  analysis  even  though  analysis, 
research   and   design   are   vastly  different. 

The   conventional    strategy   may   be   a   belter   design   strategy   than    the    research 
strategy,  but  it  too  has  some  serious  drawbacks: 

1.  It    assumes    that   something    must   be   wrong   to   start   a   study. 

2.  A  component  view  of  work  is  necessary. 

3.  People  will   resist  change  and  consider  a  new   system  as  a  form  of  personal 
criticism. 

4.  Emphasis    is    placed    on    techniques    rather   than    results. 

5.  Any  improvement   is  satisfactory. 

Design   is  not  tin-  process  of  analysis,  but  of  synthesis.  An  effective  designei 
will  not  design  components,  hoping  they  will  fit  together  into  a  s>st<in  foi  achieving 

.i    (unction.    Instead,    he    designs    for    the    highest    level    or    most    ideal    system    which 

lie  can  conceive  to  accomplish  a  oecessarj  function,  and  onl>  then  provide  the 
detail  required  to  fully  describe  the  system. 

The  three  basic  lewis  of  ideal  systems  can  be  represented  b)  a  triangle      Fig 
4)   where  the  measure  of  effectiveness  of  a  system  is  proportional  to  tin-  length  ol 

the  base.  In  this  particular  case,  cost  per  unit  of  output  is  the  measure  ol  effectiveness. 

\t  the  apex  of  the  triangle  is  the  theoretical  ideal  s\stem.  Its  cost  ol  operation 

is    zero    and    its    performance,    by    an>     relevant    criteria,    is    perfecl     <  'I    course,    it    is 

impossible  to  design  such  a  system  for  necessar)  functions,  but  the  concept  is  useful 

as  a  limit  value  just  as  the  term  it tfii i it \  is  useful  in  mathematics,  Wh)  should  we 
settle  for  a    10'-    reduction  in  manpower,  or  a  20  percent  improvement   m  productivity, 

when  we  can  just  as  easil)  establish  a  goal  ol  LOO  percent  and  continue  to  push 
toward  it?  The  theoretical  ideal  system  places  the  widest  possible  horizon  on  a 
project   bj   avoiding  built-in  limitations  i thought   process. 
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The  next  lower  level  of  idea]  systems  is  the  ultimate  ideal  system.  It  is  the  most 
creative  or  visionary  system  which  can  be  conceived  to  accomplish  a  necessary 
function.  It  recognizes  some  cost  per  unit  of  output,  but  still  remains  beyond  the 
realm  of  practicality.  Often,  components  which  would  he  necessary  to  make  the 
ultimate  ideal  system  work  have  not  yet  been  invented,  or  are  hopelessly  uneco- 
nomical with  the  present  state  of  the  art.  The  ultimate  ideal  system,  however,  is 
described  in  the  state  dimension  of  the  design  matrix,  and  forms  a  guide  for  direct- 
ing improvements  in  a  recommended  system.  The  capability  of  designing  and  rec- 
ommending a  system  with  a  built-in  plan  for  change  is  a  major  advantage  of  the 
work   design  concept  over  other  strategies. 

Outlining  the  ultimate  ideal  system  is  a  necessary  procedure  for  planning 
built-in  change,  but,  obviously,  it  does  not  provide  an  immediate  solution  to  today's 
problems.  For  this  we  need  several  alternatives  of  feasible  systems.  Each  alternative 
must  provide  a  practical  way  to  achieve  the  function  of  the  system  by  reducing 
the  components  of  the  ultimate  system  to  the  realms  of  more  immediate  practicality. 
If  the  ultimate  system  is  based  on  a  high  degree  of  automation,  then  perhaps  com- 
ponents of  the  feasible  systems  will  do  the  same  things  mechanically  or  even 
manually. 

The  design  of  ideal  systems  naturally  implies  ideal  conditions.  This  could  mean 
designs  for  a  single  product  or  service,  identical  inputs,  or  some  other  criteria  which 
is  seldom  possible  in  the  real  world.  For  this  reason  we  need  to  design  any  ideal 
system  in  terms  of  regularity.  For  example,  if  we  are  designing  a  system  to  handle 
cross  ties  and  90%  of  the  cross  ties  to  be  handled  are  of  the  same  dimension,  then 
we  design  for  the  90%  and  handle  the  remaining  10%  with  some  other  less  effective 
system.  Regularity  can  be  defined  in  many  ways,  depending  on  the  system  to  be 
designed,  but  it  must  be  identified  to  translate  feasible  ideal  systems  into  a  recom- 
mended system. 

The  most  desirable  components  of  several  feasible  systems  are  combined  into 
a  single,  feasible,  system  target  to  form  the  basis  of  the  recommended  system.  The 
realities  of  regularity,  capital  requirements  and  environmental  conditions  such  as 
labor  relations  will  make  the  recommended  system  more  costly  than  the  target 
because  of  less  effective  components.  We  now  have  a  guide,  however,  to  indicate 
which  components  of  the  system  can  be  improved  and  how  they  can  be  improved 
should  conditions  become  more  favorable. 

Notice  the  difference  in  recommended  systems  as  designed  by  the  work  design 
approach  and  by  the  conventional  strategy.  The  system  designed  by  conventional 
strategy  shows  some  improvement  over  the  existing  system  but  the  results  are  not 
likely  to  be  as  effective  because  we  have  no  idea  what  the  ultimate  system  should 
look  like  nor  how  we  should  get  there.  We  don't  even  know  if  the  improved  system 
is  really  the  best  practical  system  or  if  it  is  only  one  step  better  than  the  present 
system.  When  properly  applied,  the  work  design  strategy  should  lead  to  a  system 
at  least  as  good  as,  and  usually  far  better  than,  any  system  designed  with  the 
conventional  strategy. 

I've  explained  in  general  terms  what  the  work  design  concept  does,  but  it 
requires  a  systematic  strategy  to  describe  how  work  design  is  actually  applied.  The 
work  design  strategy  has  ten  basic  steps  (Fig.  5).  These  steps  are  not  necessarily 
sequential  because  a  complex  system  design  usually  requires  an  iterative  process 
for  various  steps  as  the  design  is  being  formulated. 
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FIG,  5--W0RK  DESIGN  STRATEGY 

1,  Function  Determination 

2,  Ideal  Systems  Development 

3,  Information  Gathering 

4,  Alternative  Suggestions 

5,  Workable  System  Selection 

6,  Formulate  Details  Of  The  System 

7,  Review  The  System  Design 

8,  Test  The  System  Or  Components 

9,  Install  The  System 

10,     Establish  Performance  Measures 

STEP  1:  FUNCTION  DETERMINATION:  The  first  step  of  the  design  process 
is  to  determine  the  broadest  or  highest-level  necessary  function  l<>r  which  the  system 
is  to  be  designed.  There  is  no  point,  of  course,  in  designing  systems  for  functions 
which  turn  out  to  be  unnecessary.  The  process  of  function  determination  is  basicall) 
that  of  "expanding"  the  function  of  an  initial  proposed  or  existing  system  into  func- 
tions for  broader  systems  In  evaluating  each  level  of  expansion  in  terms  d  certain 

key    questions,    The    initial    function   should    he   expanded   as    far   as    possible   to    insure 

that  the  expansion  includes  the  system  level  eventuall)  selected  for  design.   \n  under- 
standing o|  system  hierarchies  is  necessarj   for  expanding  functions. 

The  design  level  to  he  selected  is  based  on  identification  of  the  minimum  num- 
ber of  limitations  described  in  terms  d  the  other  s\stem  elements.  Limitations  might 
include  fixed  inputs,  time  restrictions  for  design  and  installation,  auA  the  availabilit) 
of  capital.   Generall)    speaking,   the   fewer  the   limitations,   the  broader  the  system 

designs.     If    the    s\stem    is    large    and    complex,    it    max     also    he    iiecess.ii\     !«>    establish 

functional  components  within  the  large  system,  and  to  select  which  ol   these  com 
ponents  are  to  be  designed 
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STEP  2:  IDEAL  SYSTEMS  DEVELOPMENT:  Requires  individual  or  prefer- 
ablj  group  design  efforts  to  describe  alternate  ideal  systems  in  broad  but  specific- 
terms.  Ideal  systems  should  be  designed  for  regularity.  They  should  reach  for  the 
minimum  number  of  low-cost  inputs  and  outputs,  a  high  degree  of  automation  for 
processing  physical  input,  automatic  data  processing,  adaptive  control,  and  100% 
utilization  of  resources. 

Because  the  design  of  ideal  systems  emphasizes  creativity  rather  than  analysis, 
the  most  effective  approach  is  to  use  a  design  team  composed  of  various  pertinent 
skills  or  responsibilities.  Preferably  the  design  team  should  also  include  at  least  one 
person  responsible  for  making  the  system  work.  His  ideas  will  be  valuable,  and  his 
presence  will  help  to  insure  success  once  the  recommended  system  is  implemented. 
When  the  ideal  systems  have  been  described  in  terms  of  the  design  matrix,  use  the 
feasible  ideal  systems  to  select  an  ideal  system  target. 

STEP  3:  INFORMATION  GATHERING:  Unlike  the  conventional  strategy, 
information  is  not  collected  for  analysis.  It  is  gathered  only  to  the  extent  necessary 
to  answer  specific  questions  related  to  implementation  of  the  selected  feasible  ideal 
system,  or  to  answer  questions  raised  in  other  steps  of  the  strategy.  Deferring  data 
collecting  until  after  a  feasible  ideal  system  is  described  saves  design  time  because 
it  avoids  massive  data-collection  efforts. 

STEP  4:  ALTERNATIVE  SUGGESTIONS:  Based  on  the  information  gathered 
in  Step  3,  it  may  turn  out  that  certain  components  of  the  selected  system  cannot 
be  installed  as  designed.  This  means  that  alternative  components  must  be  selected 
based  on  new  regularities,  restrictions,  costs,  or  even  a  change  in  die  function  of  the 
system.  If  so,  the  revised  system  must  be  evaluated  by  returning  to  Step  3  and 
repeating  the  strategy  to  the  extent  necessary. 

STEP  5:  SELECT  THE  WORKABLE  SYSTEM:  The  workable  or  recom- 
mended system  must  be  selected  based  on  the  best  combination  of  alternative  com- 
ponents required  for  the  feasible  ideal  system  target.  The  selected  alternative  should 
enable  the  recommended  system  to  stay  as  close  to  the  target  as  possible.  The  selec- 
tion of  the  workable  system  depends  on  how  the  alternative  systems  are  expected 
to  operate,  a  preliminary  evaluation  of  the  performance  of  the  system  alternatives, 
and  the  relative  benefits  of  each  alternative. 

STEP  6:  FORMULATE  DETAILS  OF  THE  SYSTEM:  This  step,  of  course,  is 
always  necessary  prior  to  the  installation  of  any  system.  It  requires  completion  of 
the  specific  details  necessary  for  the  implementation  of  the  system.  With  the  work 
design  strategy,  these  details  are  in  the  form  of  a  completed  design  matrix. 

STEP  7:  REVIEW  THE  SYSTEM  DESIGN:  Step  7  is  simply  a  final,  overall 
review  of  the  details  of  the  recommended  system  to  insure  that  sufficient  informa- 
tion is  in  the  design  matrix  to  enable  the  system  to  be  installed  as  planned,  and  to 
insure  that  the  system  is  still  as  close  as  possible  to  the  feasible  ideal  system  target. 

STEP  8:  TEST  THE  SYSTEM  OR  COMPONENTS:  While  the  previous  step 
was  primarily  a  mental  review,  this  step  involves  an  actual  test  of  the  proposed 
system  to  insure  that  it  will  perform  as  designed.  It's  a  last  chance  to  avoid  the 
possibility  of  costly  mistakes.  Testing  procedures  might  involve  experiments, 
manipulation  of  physical  models,  simulation  runs,  or  simple  changes  in  existing 
systems. 

STEP  9:  INSTALL  THE  SYSTEM:  I  think  this  step  is  self-explanatory. 

STEP  10:  ESTABLISH  PERFORMANCE  MEASURES:  Performance  meas- 
ures  are  necessary  to  evaluate  the  effectiveness  of  the  system  design,  to  predict  its 
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performance  in  relation  to  a  predetermined  norm,  and  to  establish  plans  For  the 
betterment  program.  Performance  measures  are  found  in  the  rate  dimension  ol  the 
design  matrix.  An  ideal  system  will  have  adaptive  control — that  is,  it  will  measun 

itself  against  a  predetermined  norm,  and  automatically  make  any  adjustments  should 
the  system  deviate   from   that   noun.   Other  sv  stems  less  than   ideal  will   require  normal 

correction  as  part  of  the  operation  and  management  of  the  system.  Performance 
measures  are  necessary  for  any  system  simply  because  you  can't  manage  what  you 
can't  measure. 

Based  on  this  introduction  to  work  design  theory,  I'd  like  to  briefly  illustrate 
how  the  strategy  was  applied  to  an  actual  design  problem. 

At  Jessup,  Maryland,  just  south  of  Baltimore,  the  B&O  operates  an  auto  unload- 
ing facility  for  unloading  automobiles  from  rail  cars,  and  storing  the  unloaded  cars 
for  truck  loading  and  delivery  to  dealers.  Basic  components  of  the  auto  facility  con- 
sist of  a  rail  support  yard,  unloading  tracks  accommodating  forty  89-fl  ears,  a  parking 
lot,  and  28  loading  ramps  for  auto  transporters. 

The  original  facility  began  operation  in  1967  with  a  planned  workload  of  3600 
multi-level  carloads  of  Ford  autos  per  year  and  parking  space  to  accommodate  ■)<>() 
autos.  In  196'8,  the  parking  area  was  doubled  to  accommodate  GM  traffic,  and  1971 
was  programmed  for  about  10,000  rail  carloads.  Our  Marketing  people  estimated 
that  the  automotive  industry  would  grow  by  about  3%  per  year  through  L975,  ami 
that  Jessup  would  participate  in  this  growth.  By  Spring  of  1971  the  auto  transporters 
were  running  out  of  parking  space  during  peak  periods,  and  it  was  obvious  that 
improvements    were    necessary    to    maintain   our   level   of   sen  ice   for   future   volumes. 

An  early  proposal  was  to  expand  the  parking  lot  facilities  to  accommodate  an 
additional  918  autos  by  paving  the  entire  area  south  of  the  existing  facilitj  and 
installing  two  additional  tracks  at  a  cost  of  roughly  $750,000.  The  estimated  return 
on  investment  on  this  proposal  was  20'..  Industrial  Engineering  was  asked  to  eval- 
uate the  feasibility  of  this  proposal,  and  because  of  the  expenditure  required,  work 
design  was  used  to  identify  other  design  alternatives. 

The  system  to  be  designed  was  defined  as  the  "Jessup  Auto  Unloading  Facilitj 

System."  Our  first  step  was  to  determine  the  function  of  the  svstem  which  would 
be  eventually  selected  for  design.  We  established  a  seven-man  design  team  which 
included  representatives  from  Operating,  Engineering,  Sales.  Marketing,  and  Indus- 
trial Engineering.  The  design  team  identified  the  function  of  the  initial  system  and 
then  expanded  the  initial  function  beyond  the  realm  of  potential  design  levels  hv 
questioning  the  purpose  of  each  succeeding  design  level.  The  bottom  of  the  sxstem 
hopper  is  shown  on  Fig.  6  for  each  level  of  expansion.  The  function  first  selected 
for  design  was  "to  provide  rail  truck  service  to  vehicle  shippers."  However,  because 

of  competitive  pressures  and  the  possible  loss  of  business  due  to  the  tune  ic<|uired 
to  implement  a  design  at  this  level,  we  were  forced  to  develop  an  interim  design 
at  the  initial  function  level  to  satist\  requirements  at  least  through  ll»72.  We  iden- 
tified   five    functional    components   of    the    sxstem    to   be   designed: 

1.  The  support  yard 

2.  The  auto  unloading  s\siem 

3.  The  auto  parking  system 

I.  The  auto  transporter  loading  svstem 
5.  The  auto  transporter  deliver}   svstem 
Starting  with  the  given  design  parameters,  we  completed  as  man)  ol  the  cells 
of  the  design  matrix  as  possible.  \\e  then  designed  ea<  h  of  the  Functional  <  omponents 
independendy,  starting  with  the  support  yard 
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FIG,  6--FUNCTI0N  EXPANSION 
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Provide  Dealers  with  Vehicles 

\f 

Sell  Vehicles 

The  distribution  of  daily  rail  car  arrivals  for  the  Spring  of  1969  and  1970 
showed  that  the  range  of  from  2  to  50  cars  a  day  was  a  good  measure  of  the  vari- 
ability of  the  arrival  rate,  and  we  assumed  that  this  variability  would  hold  true 
through  1975.  Using  the  programmed  mean  of  39  cars  per  day  and  a  5%  growth 
rate,  mean  and  peak  periods  were  projected  through  1975. 

Jessup  is  served  by  two  trains.  The  Advance  Chicagoan  is  scheduled  to  pick 
up  empties  at  11:55  pm  daily  except  Sunday,  and  Train  396  sets  off  loads  at  12:05 
am  seven  days  per  week.  On  Mondays,  or  days  when  the  pick-up  is  late,  there  is 
the  equivalent  of  two  days'  cars  on  hand.  If  the  pick-up  is  late  on  Monday,  there  is 
a  three-day  supply  of  cars  on  hand.  Fig.  7  summarizes  the  daily  storage  require- 
ments for  various  volumes.  The  probability  of  two  peak  consecutive  days  on  Sunday 
and  Monday  is  small,  but  should  it  occur,  an  additional  pick-up  would  be  necessary. 
The  support  yard  has  a  capacity  of  105  cars  and  would  be  adequate  for  normal 
operations  dirough  1975.  It  would  be  uneconomical  to  design  for  occasional  peak 
periods  of  congestion.  If  congestion  occurred  regularly,  however,  we  would  evaluate 
the  feasibility  of  adjusting  train  schedules  or  adding  a  Sunday  pick-up  in  lieu  of 
constructing  additional  trackage. 

The  auto  unloading  system  consists  basically  of  sorting  rail  cars,  spotting  them 
at  the  unloading  tracks,  releasing  tie  downs,  positioning  ramps,  unloading  automo- 
biles, and  pulling  the  empties.  For  the  forecast  rail  car  arrivals,  we  also  forecast 
daily  yard  engine  hours  required  to  spot  and  pull  the  facility  based  on  yard  stand- 
ards. By  comparing  yard  engine  activity  with  unloading  crews  we  concluded  that 
a  single  shift  operation  would  be  feasible,  in  1975,  but  not  practical  because  of 
scheduling  problems  between  the  yard  crew  and  unloading  crews. 

As  an  alternative  to  redesigning  the  unloading  track  and  ramp  layout,  we 
simulated  a  two-shift  operation  to  determine  the  potential  capacity  of  the  existing 
facility.   Our  conclusion  was  that  a  two-shift  operation  could  unload  up  to  64  rail 
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FIG,  7--RAIL  CAR  STORAGE 
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FIG,  8--PARKING  FORECAST 
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cars  per  <Ia>  with  .in  additional  yard  engine  and  one  additional  man  t<>  each  i>l 
two  unloading  crews.  Tin's  would  be  adequate  through  1975,  and  we  recommended 
not  to  construct  additional  unloading  tracks. 

The  function  ol  the  auto  parking  system  is  to  provide  temporarj 
autos  awaiting  truck  transport.  The  system  consists  oi  the  parking  ana  itself  and 
procedures  for  identifying  the  specific  location  oi  autos.  Rail  cars  arrive  al  variable 
rates  seven  days  !><•:  week,  while  dealers  receive  auto  deliveries  live  days  a  week. 
There  is  also  a  working  pool  oi  autos  which  is  estimated  al  a  three-houi  supply, 
or  about  20'.  oi  an  average  16-hour  unloading  day.  Consequently,  the  forecast  peak 
quantitj  <>i  autos  parked  is  the  sum  of  the  working  pool  pins  two  days  input  accumu- 
lation oi   peak  arrival  rates.  The  calculations  on   Fig.  8  show   thai  we  will  require 

idil.  <;.:s 
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parking  space  of  a  maximum  of  L962  autos  by  1975.  By  adding  an  arbitrary  10% 
safety  factor  to  the  forecast,  we  estimated  that  2200  parking  spaces  would  be  needed 
in  1975,  or  400  more  than  we  presently  have. 

The  alternatives  we  identified  for  providing  400  additional  parking  spaces 
included  two  possible  locations  for  grading  and  paving  a  new  parking  area,  increas- 
ing the  parking  density  on  the  existing  lot  by  changing  operating  procedures  such  as 
pre-loading  autos  onto  transporters  over  the  week-end,  and  using  the  support  yard 
as  an  auto-on-rail  storage  area.  Each  alternative  was  evaluated  on  the  basis  of 
economy,  ease  of  control,  operating  characteristics,  and  anticipated  customer  accept- 
ance. The  alternative  selected  was  to  construct  400  parking  spaces  on  the  south  side 
of  die  unloading  tracks  at  a  cost  of  $240,000,  or  about  one-third  the  cost  of  the 
original  proposal,  for  return  on  investment  of  46%.  We  also  anticipated  the  need  for 
additional  loading  ramps  and  auto  transporters  at  a  later  date.  The  additional  park- 
ing area  is  now  under  construction  and  scheduled  for  completion  this  Spring  (1972). 

As  part  of  the  project,  the  design  team  also  outlined  some  broader,  more  effec- 
tive systems  for  the  higher  function  level  originally  selected.  This  will  give  us  some 
design  direction  beyond  1975,  including  possible  use  of  a  containerized  system. 

You  can  see  from  the  Jessup  project  that  the  work  design  strategy  does  not 
have  to  be  rigidly  followed  on  a  step-by-step  basis  for  every  design,  but  can  be 
modified,  or  the  emphasis  changed,  to  meet  individual  project  requirements.  It's 
application  is  by  no  means  easy;  it  requires  hard  work,  as  well  as  creativity,  for 
effective  designs.  Nor  is  the  work  design  strategy  a  universal  panacea  for  all  prob- 
lems. For  design  problems  where  the  work  design  strategy  is  appropriate,  however, 
and  an  honest  attempt  is  made  to  use  it  properly,  I  feel  confident  that  die  results 
will  be  gratifying. 


Noise — Unwanted  Sound — Have  You  Any? 

73-638-2 

By    C.    F.    MUELDER 

Utilities    Engineer,    Chicago    Region 

Burlington    Northern,    Inc. 

Noise!  Noise!  Noise! 

What  really  is  noise?  Have  you  really  thought  about  what  it  is?  Really  and 
Truly? 

I  can  read  some  of  your  minds,  and  the  feedback  says,  "Of  course  I  have!  Do 
you  think  I  am  a  nut  or  something?  It's  in  the  newspapers,  and  the  government  is 
doing  something  about  it.  Naturally,  I  have  thought  about  noise.  It's  part  of  my 
life.  It's  all  around  me.  It's  in  my  house,  at  my  job,  in  the  street,  on  radio  and 
television.  Noise  is  sound,  I  hear  it  with  my  ears.  It's  acoustic." 

To  the  physicist,  the  sounds  that  we  hear  are  tones  divided  into  two  general 
categories — noises  and  music.  Noise  is  unregulated  tones  or  meaningless  sound 
vibrations.  It  is  a  mixture  of  a  complex  number  of  irregular  vibrations.  Musical 
sounds  are  regulated  tones  and  vibrations  of  individual  character.  They  consist 
mostly  of  two  or  more  simple  tones.  But  sounds  are  also  pressure,  frequency, 
intensity,  amplitude,  wavelength  and  a  few  other  things. 


Note:    Discussion  open   until   October  15,   1972. 
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We  realize  that  noise  is  a  pari  of  our  world.  It  is  something  we  bear.  We 
realize  that  not  all  noises  are  objectionable,  mat  actually,  most  noises  are  needed 
and  desirable  for  conversation,  sounds  of  nature,  and  even  For  the  sake  ol  safetj 
such  as  a  car  horn  in  an  emergency  situation.  Noise  becomes  objectionable  when 
it  is  not  wanted. 

In  today's  environmental  picture,  unwanted  sound  has  been  termed  noise  pol- 
lution. However,  what  may  be  unwanted  sound  or  noise  pollution  to  one  individual 
or  group,  may  not  be  classified  as  such  by  others.  To  further  complicate  the  problem, 
we  as  individuals,  actually  hear  sound  differently.  We  do  not  hear  alike.  And  we 
judge  sounds  on  an  individual  basis  as  we  individually  hear  them.  Also,  sounds  are 
like  the  soil  or  ground  which  grows  our  food  and  nourishes  the  grass  and  flowers  in 
our  yard.  Soil  becomes  dirt  only  when  it  is  out  of  place  and  unwanted,  such  as  mud 
on  the  kitchen  floor.  Noise  becomes  pollution  only  when  it  is  out  of  place,  such  as  a 
kid  honking  his  car  horn  in  the  street  at  midnight  in  front  of  his  friends  home. 

Noise  pollution  is  what?  It  is  una  anted  .sound!  Who  said  so?  How  do  you 
know?  By  what  determination  or  standard?  How  is  it  measured?  That  sound  doesn't 
bother  me,  why  doesn't  it?  These  are  questions  now  being  asked  by  those  who  have 
recently  been  exposed  to  this  problem,  and  need  to  know  more  about  noise  pollution. 

There  is  clinical  evidence  that  sounds  can  be  dangerous.  Our  increasing  popu- 
lation and  density,  together  with  our  abilities  to  invent  and  create  machines  to 
provide  our  human  wants,  have  increased  sound  levels  to  a  place  where  the  sounds 
generated  are  objectionable  at  some  locations,  and  under  certain  circumstances. 

Since  May  1969,  the  federal  government  through  the  Walsh— Healej  Vet  recog- 
nized the  need  to  regulate  occupational  noise  exposure  to  workers  in  industry. 
Continuing  legislative  action  is  now  taking  place  on  federal,  state  and  local  levels 
to  regulate  sound  levels  on  streets  and  highways,  airports  and  cities,  as  well  as  in 
industrial  activities.  We  in  the  railroad  industry  must  evaluate  our  existing  opera- 
tions  to  determine  where  we  are  in  this  picture.   We  need  to  know    this   to   insure 

that  new  developments  and  equipment  are  being  designed  and  built  t< el   noise 

pollution  requirements.  We  must  participate  in  the  formulation  of  regulatory  action 
to  insure  that  realistic  criteria  are  evolved  that  properly  take  into  consideration  the 
nature  of  railroad  transportation.  All  too  often  legislation  is  being  proposed  and 
enacted  with  railroads  being  lumped  into  the  same  category  as  oilier  vehicle  opera- 
tions,   industry   as   a   whole,   or   not   even   considered. 

I  'all  to  mind  a  proposed  noise  pollution  ordinance  lor  the  Cit)  ol  Omaha, 
Neb.  In  August  of  1971,  a  noise  abatement  ordinance  was  proposed  making  a  viola- 
tion a  criminal  offense.  This  called  for  a  $500  maximum  fine  as  well  as  imprisonment 
up  to  .six  months  in  jail.  The  provisions  required  that  no  person  shall  operate  an) 
type  of  vehicle,  machine,  device,  or  cam  on  anv  other  activity  in  such  a  manner 
that  a  sound  level  of  SO  decibels  would  he  exceeded  when  measured  25  ft  avvav 
from    the    source.    Trucks    ov  er    10.000   lb    would    be    permitted    88   decibels    maximum 

between  7:00  am  and  6:00  pm  except  on  Sunday.  No  mention  was  made  of  railroad 

transportation.    I    euess    they    didn't    think   about    us. 

People   of    the    I  nion    Pacific    Railroad   and    Burlington    Northern   got    together 

on  this  and  evaluated  the  proposed  ordinance  to  determine  it's  effects  on  railroad 
operation.  It  was  rapidly  determined  that  it  would  put  us  out  ol  business,  It  was 
questioned  whethei  the  proponents  ol  tins  ordinance  were  aware  ol  this.  In  ordei  to 
substantiate  our  position,  the  Union  Pacific  research  and  mechanical  standards  people 

conducted  a  sound  level  survev  ol  v.uious  activities  within  the  eiiv  ni  Omaha.  The 
measurements  were  taken   in  accordance  with   the  proposed  ordinance 
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You  will  note  that  33  separate  activities  were  checked.  Only  10  of  these  were 
equal   to  or  less  than  the  proposed  maximum  sound  level  or  80  decibels. 

This  char!  shows  a  .scale  ranging  from  40  to  120  decibels,  with  the  pointer  at 
the  maximum  noise  level  of  80.  Note  some  of  the  survey  items  starting  at  the  bottom 
of  the  list   located  at  the  left  of  the  chart: 

Normal  office  level    53  dB. 

Person  to  person  conversation  at  3  ft 58  dB. 

Ringing    telephone     64  dB. 

Cars  on  freight  train  at  225  ft   71  dB. 

Commercial  jet  aircraft  at  estimated  altitude  of  10,000  ft   79  dB. 

Woman  busing  dishes  in  coffee  shop 80  dB. 

All  the  rest  of  the  items  are  above  80  dB. 

Normal  truck  traffic  on  Interstate  Highway  No.  80,  }i  mile  away   .  .  81   dB. 

City  of  Omaha  dump  truck  going  downhill    84  dB. 

Elementary  school  children  observing  an  animal  display  in  shopping 

center    mall     84  dB. 

City  bus  starting  from  bus  stop   85  dB. 

Average  traffic  noise  at  77th  and  Dodge  Streels    87  dB. 

Diesel  freight  train  No.  843  west 98  dB. 

Loaded  farm  grain  truck    100  dB. 

Siren   on  fire  truck    116  dB. 

This  survey  was  loaded  for  bear!  It  showed  that  the  proposed  ordinance  needed 
to  be  reconsidered.  It  would  make  practically  every  one  a  law  breaker.  This  ordinance 
could  not  accomplish  what  was  desired,  and  it  would  be  a  bad  law. 

Our  people  went  to  the  authorities  with  the  information  which  had  been 
developed.  We  did  our  part  as  good  neighbors  and  citizens.  They  hadn't  considered 
the  railroads.  We  called  this  to  their  attention. 

What  were  the  results? 

The  old  ordinance  was  tabled  for  reconsideration.  A  new  ordinance  was  drafted. 
Railroad  transportation  and  aircraft  were  excluded.  New  sound  measurement  criteria 
were  developed.  Sounds  are  now  to  be  measured  at  50  ft  from  the  source,  with 
maximum  levels  ranging  up  to  90  dB  under  certain  conditions  and  points  in  time. 

The  point  I  make  is  that  noise  pollution  is  unwanted  sound.  Have  you  any? 
Has  it  been  measured?  Do  you  know  whether  it  is  really  unwanted  sound?  By  whose 
definition?  Is  it  realistic?  When  you  visit  the  exhibits  which  are  a  part  of  this  con- 
vention, are  you  noise  conscious?  As  a  potential  customer  of  equipment  are  you 
demanding  that  it  be  engineered,  designed,  and  constructed  to  prevent  unwanted 
sound?  Are  you  considering  the  purchase  of  expensive  equipment  which  cannot  be 
fully  utilized  because  of  unwanted  sound?  We  must  all  add  a  new  dimension  to  our 
thinking,  planning,   design  and  purchasing.   Is  there  any  unwanted  sound  involved? 

Proper,  meaningful  measurement  of  sound  is  not  easily  accomplished.  It  requires 
technically  trained  people  who  know  what  they  are  doing.  It  must  be  accomplished 
wi  h  the  use  of  delicate  instruments  under  closely  controlled  and  accurate  conditions. 
If  carried  out  in  the  proper  manner,  the  instrumental  readings  will  indicate  the 
desired  measurements.  Good  statistical  measurements  must  be  properly  interpreted 
by  qualified,  knowledgeable  people  in  order  to  provide  a  properly  evaluated  prob- 
lem. Generally  speaking,  your  graduate  environmental  engineers  have  sufficient  back- 
ground training  in  physics  and  basic  sound  principles  to  be  given  these  assignments. 
There    are    some    basic   engineering   principles   which    they   consistently   use   in   other 
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environmental  assignments  which  carry  through  in  the  measuremenl  oi  sound  in 
order  to  obtain  accurate  results.  They  understand  the  principles  of  securing  repre- 
sentative samples,  the  need  for  duplication  of  results,  analytical  procedures  vs.  trial 

and  error  methods,  and  standard  procedures. 

Since   sound   is   really  a  form  of  energy,   it  tan   be  measured   by   instruments. 

But  when  we  attempt  to  take  these  instrumental  measurements  and  translate  them 
into  terms  of  human  hearing,  discomforts,  desirabilities,  and  other  conditions,  it 
becomes  a  very  difficult  thing  to  measure. 

Unfortunately  for  those  trying  to  measure  and  evaluate  sound  objectively  in 
terms  of  die  sensation  experienced  by  humans,  this  sensation  seems  to  induce  com- 
plicated physiological  and  psychological  mechanisms.  Loudness  evaluation  is  main 
times  more  complex  than  measuring  the  purely  physical  quantities  of  sound  energ] 
pressure  and  level.  This  can  be  demonstrated  to  you  by  sounds  taken  From  a  record- 
ing on  "Understanding  Noise"  prepared  by  Plant  Engineering  magazine.  These 
sounds  of  a  broad  band  noise  are  broken  down  into  frequency  zones.  Please  note 
that  the  sounds  of  these  different  frequencies  are  being  generated  at  the  same  sound 
pressure  level,  but   that  some  of  them  are  heard  louder  by  our  human  ears. 

[Portion  of  recording  was  played.] 

Since  loudness  is  a  subjective  quantity,  the  primary  instrument  for  measuring 
it  can  only  be  a  human  observer. 

To  determine  whether  one  sound  is  louder,  equally  loud  or  less  loud  than 
another,  we  would  have  to  let  a  statistically  significant  number  of  people  compare 
the  sounds  and  then  average  their  opinions.  Similarly,  to  determine  how  loud  i 
sound  is,  we  would  have  to  choose  a  standard  sound  and  then  have  a  significant 
number  of  people  compare  the  unknown  with  the  standard.  It  needs  to  he  compared 
to  something. 

In  acoustics  the  accepted  standard  is  a  pure  1  kilo-Hertz  tone  or  narrow- 
band noise  centered  at  1  kHz.  The  loudness  level  of  any  sound  is  defined  as  the 
sound  pressure  level  of  a  standard  sound  which  appears  to  a  significant  number  of 
observers  to  he  as  loud  as  the  unknown.  Loudness  level  is  measured  in  plions.  the 
loudness  level  of  any  sound  in  phons  being  equal  to  the  sound  pressure  level  in 
decibels  of  an  equally  loud  standard  sound.  Thus,  a  sound  which  is  judged  to  be  as 
loud    as   a   50   decibel    1    kHz.    tone   has    a    loudness   level   of   50   phons.    Although    the 

logarithmic  phon  scale  covers  the  large  dynamic  range  of  the  human  ear  con- 
veniently, it  does  not  fit  a  linear  loudness  stale.    \   factor  of  two  in  loudness  does  no' 

correspond   to  double  the   number  of   phons. 

It    is   difficult    to  add   loudness   in   phons.    For  example,   if   one   tone  at   200    11/    is 

produced  with  a  loudness  level  of  To  phons.  and  another  tone  it  1  kll/  is  produced 
at  a  loudness  level  of  70  phons,  it  would  he  convenient  for  measurement  purposes 
if  both  tones  added  together  would  produce  a  loudness  level  <>l  I  10  phons.  However, 
this  does  not  happen.  These  two  tones  are  actually  perceived  is  a  loudness  level 
of  80  phons. 

In  an  effort  to  obtain  a  quantity  proportioned  i<>  the  intensity  <>l  the  loudness 
sensation,  a  loudness  scale  was  defined  in  which  the  unit  of  loudness  is  called  i 
sone.  One  sone  corresponds  to  a  loudness  level  oi   1"  phons. 

To  human  ears,  broad  band  sounds,  like  those  oi  a  jet  ain  raft,  seem  much 
louder  than  pure  tones  or  narrow  hand  noise  having  the  same  sound  pressure  level. 
This  is  especially  true  of  hand  width  sounds  above  loo  11/.  I ,et  me  demonstrate 
this  to  vou  hv   playing  a  portion  oi  a  recording  taken  in  out   hump  yard    it  North 
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Kansas  City,  Mo.  On  this  occasion,  I  was  taking  some  sound  pressure  level  readings 
of  retarder  noises.  You  will  note  the  jet  aircraft  sound  overhead  as  it  took  off  from 
the  nearby  airport.  The  aircraft  sounds  and  the  retarder  sounds  were  recorded  simul- 
taneously though  the  microphone  of  the  sound  pressure  level  meter.  I  noticed  that 
these  two  sounds  measured  at  approximately  the  same  level,  but  that  their  loudness 
to  my  hearing  was  not  the  same. 

[Portion  of  tape  was  played.] 

The  human  ear's  critical  bands  seem  to  be  related  to  another  property  of  the 
ear,  subjective  pitch.  Subjective  pitch  tells  us  how  our  ears  compare  the  frequencies 
of  different  sounds.  The  unit  of  subjective  pitch  is  die  mel.  It  also  is  not  linear  and 
plays  a  role  in  the  difficulties  of  instrumental  measurement  of  sounds  which  would 
be  equivalent  to  the  hearing  of  the  human  ear. 

I  have  attempted  to  show  that  man  is  really  the  ultimate  noise  measuring 
system,  and  that  the  science  of  noise  measurement  is  an  attempt  to  measure  sounds 
with  an  instrument  the  way  that  our  human  mechanisms  do.  Instruments  of  elec- 
trical and  mechanical  devices  provide  sound  pressure  level  measurement  in  decibels. 
As  we  have  seen,  loudness  is  purely  a  subjective  parameter,  beyond  district  physical 
measurement.  However,  it  is  related  to  the  pressure  level  of  the  sound  generated, 
and   this  provides  the  starting  point  of  physical  measurement. 

Sound  pressure  levels  are  measured  in  decibels.  A  decibel  is  not  a  specific 
quantity  or  unit  of  measurement  like  a  pound,  minute  or  inch.  It  is  a  logarithm  of 
a  ratio  of  one  quantity  to  a  reference  quantity.  In  sound  level  measurement  the  ref- 
erence quantity  is  a  pressure  of  0.0002  microbar  (dynes  per  square  centimeter). 

We  have  noted  that  the  human  ear's  sensitivity  varies  with  frequency  or  pitch. 
Response  varies  with  sound  pressure  level.  If  we  are  to  relate  sound  pressure  levels 
to  the  subjective  concept  of  loudness,  we  must  compensate  for  the  ear's  frequency 
response. 

Frequency  response  standards  designed  to  accomplish  this  are  known  as  die 
"A",  "B"  and  "C"  weighted  scales.  These  are  electrical  frequency  responses  designed 
to  simulate  in  a  measurement  device  the  sound  pressure  level  measurements  in  a 
manner  as  nearly  equivalent  as  possible  to  the  human  ear.  The  accepted  responses 
are  those  as  specified  by  the  American  National  Standards  Institute  in  standard  No. 
SI. 4.  The  most  common  response  specified  in  governmental  regulations  for  the 
measurement  of  sound  pressure  levels  is  the  "A"  weighted  scale. 

Equipment  for  measuring  sounds  can  be  divided  into  three  general  categories, 
depending  upon  what  needs  to  be  accomplished  and  what  results  are  expected. 
These  are:  general  survey  types,  sound  dosage  types,  and  laboratory  analytical  types. 

Generally  speaking,  the  portable-type  sound  level  instruments  are  intended  for 
general  sound  surveys  for  preliminary  examinations  or  determination  of  whether  a 
problem  exists.  For  the  plant  engineer  concerned  with  shop  noises  and  compliance 
with  the  Walsh-Healey  standards,  diere  are  dosimeters  which  allow  you  to  monitor 
noise  levels  widiout  actually  being  present  at  the  site.  These  are  available  to  indicate 
die  total  noise  dose  a  worker  receives  during  a  specified  time  interval,  or  to  keep  a 
running  total  of  die  amount  of  time  that  a  noise  level  exceeds  a  specified  limit.  For 
those  involved  in  the  problems  of  corrective  actions  and  design  for  the  abatement 
of  noises,  more  sophisticated  instruments  are  required.  This  would  include  the  sound 
level  meter,  an  octave  band  analyzer,  with  perhaps  a  narrow  band  analyzer,  and  an 
impact  noise  analyzer. 
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If  your  needs  are  like  ours,  and  you  arc  just  at  the  threshold  "I  determining 
whether  there  are  any  unwanted  sounds  on  your  property,  your  requirements  are 
for  instruments  to  measure  noise  levels  and  identifj  the  sources.  To  do  this  you 
should  have  a  portable-type  sound  pressure  level  meter,  a  calibrator,  and  a  portable 
tape  recorder. 

The  portable  sound  pressure  level  meter  must  he  relatively  light,  easy  to  handle. 
designed  for  hand  use,  and  capable  of  being  mounted  on  a  tripod.  In  evaluating 
the  proposed  equipment,  the  single  most  important  component  is  the  microphone. 
No  meter  can  he  better  than  the  original  signal  generated  l>>  its  microphone.  There 
are  three  major  types  of  microphones  in  use:  the  crystal  type,  the  dynamic  type, 
and  the  condenser  type.  Each  lias  its  good  and  bad  features  in  addition  to  relative 
costs.  I  use  the  piezo  electric  crystalline  type  microphone  known  as  P27T,  which  is  a 
lead  titanate- lead  zirconate  crystal.  It  is  sensitive,  rugged,  has  high  output  and  good 
frequency  response.  The  PZT  crystal  is  comparable  to  Uiose  of  Roehelle  salt  without 
the  troublesome  temperature  characteristics.  It  is  available  at  a  reasonable  cost 
below  that  of  a  condenser  microphone.  The  meter  must  be  capable  of  giving  accurate 
measurements  from  40  to  140  dB.  It  must  have  available  settings  for  the  "A"  "B" 
"C"  filtering  networks,  and  provision  for  fast  or  slow  meter  response.  The  meter 
must  conform  to  the  applicable  national  standards;  in  particular  the  American  Na- 
tional Standards  Institute  standard  for  sound  level  meters,  Xo.  SI. 4,  latest  revision. 
The  meter  must  have  provision  for  battery  check,  an  output  plug  for  connection 
to  a  tape  recorder,  and  an  input  plug  for  a  remote  microphone. 

It  is  generally  agreed  that  field  calibration  of  the  instruments  is  verj  desirable. 
If  you  expect  to  use  in  court  the  information  developed  by  your  instrument,  von  will 
he  required  to  produce  evidence  of  meter  calibration  before  and  after  the  readings. 
I  recommend  that  a  calibrator  be  purchased.  To  complete  your  sound  survev  equip- 
ment, I  recommend  that  you  secure  a  small  portable  tape  recorder.  The  tape  recorder 
input  can  be  connected  to  the  output  plug  of  the  sound  pressure  level  meter  so 
that  the  measured  sounds  can  be  preserved  for  later  playback  and  record  keeping. 
A  high-grade  magnetic  recorder  must  he  used,  capable  of  recording  sounds  over  tin 
range  of  100  to  10,000  11/. 

Fig.  1  show  s  the  sound  pressure  level  meter.  At  the  upper  left  is  the  on-ofl 
switch.  Immediately  to  the  right  is  the  meter  calibration  adjustment  screw.  At  tin 
upper  right  is  die  output  plug  for  connecting  to  a  tape  recorder  or  eai  phones. 
In    the    upper   center    is    the    dB    range    switch.    In    the    lower   center    is    the    A.    B,    ( 

weighted  response  scale  switch.  At  the  lower  left   is  the  batter)    test  switch.   De- 
pressing   this    switch    gives    meter    response    showing   hatterv    condition.    Yo\i    will    note 

the  provisions  for  tins  on  the  meter  scale.    \t  the  lower  right  is  the  meter  response 
switch  for  fast  or  slow    response. 

In  the  event  you  are  measuring  sounds  m  the  80  dH  range,  you  set  the  range 
switch  at  SO.  Meter  readings  to  the  right  ot  zero  on  the  scale  ate  added  to  .so  to 
give  the  actual  sound  level  reading.  Meter  readings  to  the  left  ot  zero  are  subu 
from  SO  to  give  actual  sound  level  readings.  During  actual  measurement,  it  the  metei 

hand   was   at   0,    to   the   right   of  zero,   with   the  dB   range   switch   set   at   80,   the   actual 
sound  level  would  he  SO  dB. 

Fig.  2  shows  the  sound  level  meter  mount,  d  on  a  tripod.  This  situation  is 
desirable  when  sound  measurement  is  critical  and  vou  do  not  desne  to  measure 
am  ot  the  sounds  that  mav  he  reflected  upon  oi  from  the  bod)  ot  a  person  holding 
the  instrument 
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Fig.  1 


Fig.  3  shows  the  sound  level  meter  mounted  on  the  tripod,  connected  to  the 
tape  recorder.  In  this  situation,  recordings  of  the  measured  sounds  can  be  taken. 
The  observer  can  talk,  noting  the  sound  levels  as  they  may  occur.  This  documents 
the  observations  on  the  tape  together  with  the  sound  observed.  In  addition,  this 
frees  the  observer  to  use  a  camera  and  visually  record  photographically  any  desir- 
able scenes. 

In  Fig.  4  is  the  calibrator  for  the  sound  level  meter.  It  is  approximately  6  inches 
long,  two  inches  in  diameter  and  weighs  approximately  10  ounces. 

Fig.  5  is  the  opera  ing  end  of  tha  calibrator.  In  the  middle  is  the  function 
switch.  You  will  note  this  instrument  is  capable  of  producing  sound  levels  at  2000 
Hz,  1000  Hz,  500  Hz,  250  Hz,  and  125  Hz.  The  toggle  switch  below  the  function 
knob  is  used  for  battery  testing,  or  calibration  at  100  dB  or  114  dB  sound  pressure 
levels.  The  output  jack  can  be  used  for  connecting  to  an  input  jack  of  a  meter  so 
equipped  for  strictly  meter  calibration  or  other  purposes. 

Fig.  6  shows  the  calibrator  directly  connected  to  the  microphone.  This  par- 
ticular equipment  is  so  designed  and  manufactured  that  all  the  equipment  and  func- 
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tions  dl  the  sound  level  meter,  including  the  microph -.  can  I"    cahbrated  correct 

.it  loo  01  111  (IB  sound  pressure  levels  at  ;ui>  of  the  li\e  Frequencies.  1  keep  this 
meter  calibrated  correct  ;it  L000  Hz  at  100  dB  level  on  the  \  weighted  scale  foi 
most  measurements. 

Fig.  7  is  a  genera]  view  ol  the  tape  recorder  1  use.  You  will  note  the  remote 

control  switch  with  which  I  can  start  or  stop  the  recorder  without  having  to  handle 
the  recorder  itself.  The  4-ft  cord  is  long  enough  to  handle  conveniently.  It  does  not 
dangle  in  the  way.  Vou  will  also  note  the  L15-volt  converter  for  providing  external 
direct  eui  rent.  This  is  \  cry  useful  for  listening  to  re-runs  in  the  office.  It  cuts  down 
on  battery  costs.  The  gray-colored  wire  is  the  connecting  cord  to  the  sound  pressure 
level  meter.    The  cassette  is  a    120-niinute-plav  tape,  60  minutes  on  each   side. 

Fig.  8  is  a  close-up  view  of  the  operating  end  of  the  recorder.  You  will  note 
the  volume  level  control,  the  recording  level  meter,  auxiliary  jack  which  I  use  to 
connect  to  the  sound  level  meter,  the  microphone  jack  and  the  remote  control 
switch  jack.  Above  these  controls  are  the  operating  lexers  and  the  record  switch. 
The  lexer  to  the  left  is  used  to  stop  operation  or  play  a  tape.  The  lexer  to  the  right 
is  used  for  rexxinding  the  tape  or  moving  it  in  fast  forward  in  the  event  it  is  desired 
to  locate  a  certain  portion  of  the  tape.  Playback  and  recording  is  done  at  33!  inches 
per  second.  There  is  oik-  desirable  feature  thai  I  do  not  have  on  this  machine,  a 
footage  counter.  It  is  a  convenient  dexice  for  locating  a  particular  recording  meas- 
urement on  the  tape. 

Fig.  9  shows  me  all  equipped  for  taking  sound  level  measurements.  Note  thai 
I  have  the  recorder  in  my  left  coat  pocket.  I  am  holding  the  remote  control  switch 
in  my  left  hand,  and  the  sound  level  meter  in  my  right  hand.  The  connecting  wires 
are  draped  oxer  nix-  shoulder  out  of  the  way.  Occasionally  I  encounter  employees 
xxho  xxill  walk  up  to  me  and  ask  questions.  Often  I  do  not  want  to  record  their 
conversation.  The  remote  control  sxv  itch  enables  me  to  cut  out  these  irrelevant 
discussions. 

Fii;.  10  is  a  chart  and  some  data  taken  from  the  November  12.  1070.  issue  ot 
Plant  Engineering  magazine,  of  an  article  on  noise,  written  by  Richard  L.  Dunn, 
editor.  I  particularly  want  you  to  look  at  the  ear  sensitivity  curve  at  the  upper  Kit 
comer.  You  xxill  note  that  the  human  ear  hears  best  those  sounds  in  the  500  to 
5000  Hz.  frequencies.  Loudness,  as  heard  by  the  human  ear,   is  also  related. 

tsm'4  the  meter  calibrator,  let  me  demonstrate  this  for  vou.  Please  note  that 
these  sounds  are  all  being  generated  at  a  constant  sound  pressure  level.  The  first 
tone    will    be    a    2000    Hz    pure    tone.    You    will    note    from    the    curve    that    this    is    at 

the  peak  of  sensitivity  of  the  human  ear.  If  you  will  use  this  tone  as  a  reference, 

you   will    note   that   the   tones  at    1000   Hz,   500    11/.   250   Hz.   and    125   11/  sound  con- 
siderably  less   loud  as  we  drop   to  the   lower  frequencies.    I    remind   VOU   however,   that 

each   of  these  tones   is   being   generated  at   the  same  sound  pressure  level.   It   the 

tones    of     these    five    frequencies    are    liieasiued    on    the    A    weighted    scale,    vour    sound 

pressure   level    meter  will    show    a   response   similar   to   the   response   curve   ol    the 

human    ear.    These    same    tones    measured    OH    the    C    Weighted    scale,    will    not.    Youi 
meter    will    show     the    sound    pressure    level    to    be    the    sain- 

I    show   you    this   (hart    (Fig.    II  I    lor  comparison   ot    various   sounds.    I    hax, 
USing    the    term    (IB    or   decibels    i.ith.i     freely,    and    some    of    vou    max    be    wondering 

just  how  loud  is  so  or  85  dB  when  measured  bj  th<   meter.  Starting  at  the  bottom. 

you   will   note  that   the  average   residence  has  a  sound   level  ol    15  dB.   Normal   human 

/ .  w  continued  on  pagt   59  /' 
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conversation  at  3  ft  runs  about  65  dB.  My  voice  usually  runs  about  68-72  dB. 
Sounds  inside  a  bus  average  82  dB;  a  heavy  truck,  measured  at  90  ft  away  about 
98  dB;  a  metal  can  manufacturing  plant  about  100  dB;  a  pneumatic  air  hammer 
5  ft  away  123  dB.  An  F84  jet  plane,  80  ft  from  the  tail  at  take  off  measures  about 
132  dB. 

Noise,  Unwanted  Sound,  Have  You  Any? 

In  these  few  minutes  I  have  attempted  to  show  the  need  for  our  industry 
to  know  its  sounds.  Our  Committee  13  will  continue  its  assignment  on  Noise 
Pollution  Control.  I  solicit  your  suggestions  and  recommendations  in  the  development 
of  Manual  material  for  recommended  railroad  practices. 


Overview  of  Federal  Activities  in  Grade  Crossing  Safety 

73-638-3 

By    MAX    R.    SPROLES 

Executive    Director,    Highway— Rail    Programs 

Association    of    American    Railroads 

My  presentation  will  he  an  over-view  of  the  grade  crossing  activities  at  the 
Federal  government  level.  Messrs.  James  Kirk  and  William  Loftns,  the  Federal  High- 
way Administration  and  the  Federal  Railroad  Administration  representatives  on  this 
panel,  will  present  their  views  on  alternative  opportunities  for  approaching  solutions 
to  the  grade  crossing  problem.  The  final  Department  of  Transportation  recommenda- 
tions regarding  these  matters  will  hi'  submitted  to  Congress  this  summer.  I  am  sine 
you  will  understand  that  Messrs.  Kirk  and  Loftns  will  not  he  able  to  present  an 
official  position  or  statement  on  these  items  since  they  are  in  the  development  stage 
and  must  he  finalized  in  the  Administrations  and  reviewed  both  by  the  Office  of  the 
Secretary  of  Transportation  and  the  Office  of  Management  and  Budget  before  they 
can  be  presented  as  the  official  position  in  their  report  to  Congress.  I  think  we  are 
very  fortunate  today  to  have  these  two  gentlemen  with  us  to  discuss  the  evolution 
of  this  report  and  their  views  at  this  time. 

I  will  make  my  comments  brief  in  order  to  allow  as  much  time  as  possible  for 
discussing  the  very  important  issues  that  must  he  resolved. 

One  important  program  in  grade  crossing  safety  that  has  been  under  way  is 
based  on  the  provisions  from  the  ASTRO  Study  incorporated  in  the  Surface  Trans- 
portation Act  that  would  require  5  percent  of  the  Highway  Trust  Fund  allocations 
be  spent  on  grade  crossing  projects.  As  you  know,  up  to  10  percent  of  the  highway 
allocations  can  be  spent  on  grade  crossing  projects  under  existing  legislation.  Another 
important  provision  included  in  the  Surface  Transportation  Ait  would  make  these 
funds  available  for  projects  on  any  road  or  street  that  had  a  hazardous  crossing 
without  regard  to  the  Federal-Aid  System.  Hearings  have  been  held  on  the  Surface 
Transportation  Act  and  I  testified  on  December  8,  1971,  before  the  Surface  Trans- 
portation Subcommittee  of  the  Senate  Committee  on  Commerce,  in  lav  or  oi  the 
grade    crossing    provisions. 

It  now  appears  that  grade  crossing  safety  will  he  considered  l>>  the  House  anil 
the  Senate  Public  Works  Committee  in  connection  with  the  Highway  Act  <>l  1U72. 
Hearings  on  this  Legislation  are  under  way  in  the  House  and  I  am  scheduled  to 
testify  on  March  29.  The  Senate  will  hold  hearings  in  April  and  will  begin  with 
legislation  recommended  by  the  House.  I  am  hopeful  that  additional  funding 
Specifically  allocated  for  grade  crossings  on  all  roads  and  streets,  will  he  approved 
as  a  part  of  the   1972  Highway    \<  I. 

Another  item  that  has  received  a  lot  ol  interest  and  comment  was  the  release 
of  $700  million  on  September  30,  1971.  for  highwaj  safet)  and  projects  in  areas 
of  high  unemployment.  Grade  crossing  projects  were  to  receive  the  first  priority  in 
the  use  of  these  funds.  The  $700  million  were  full)  obligated  1  >>  October  23,  1071. 
and  about  $15  million  were  used  for  grade  crossing  projects. 

The  FHW  \  released  the  3rd  Quarter  F.  "> .  1072  Highwaj  Funds  on  Decembei 
30,  1971.  A  special  categorj  reserve  was  established  retaining  s2l">  million  controlled 
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by  the  Washington  office  of  the  FHWA  on  a  first-come-first-served  basis  for  five 
types  of  projects:  (1)  emergency  highway  safety  projects.  (2)  non-interstate  obliga- 
tions for  railway  highway  improvements,  (3)  obligations  of  regular  urban  "C"  funds, 
(4)  obligations  of  TOPICS  funds,  and  (5)  obligations  of  bridge  replacement  funds. 
The  major  difference  in  this  special  category  reserve  from  the  $700  million  release 
is  diat  high  unemployment  areas  do  not  receive  special  emphasis.  The  high  unem- 
ployment areas  category  is  where  most  of  the  $700  million  program  was  obligated. 
The  FHWA  is  holding  back  the  special  category  reserve  in  an  effort  to  persuade 
the  state  highway  departments  to  commit  a  larger  share  of  highway  projects  in  the 
special  categories,  which  includes  railway-highway  projects.  As  of  February  25, 
1972,  $17.9  million  of  the  special  category  reserve  had  been  obligated  for  grade 
crossing  projects. 

The  1970  Rail  Safety  Act  required  a  report  to  Congress  on  grade  crossing  safety 
and  the  1970  Highway  Safety  Act  also  required  a  report  to  Congress  on  grade 
crossing  safety. 

The  two  Acts  had  different  report  dates  and  agreement  was  reached  to  submit 
one  comprehensive  report  on  grade  crossing  safety  to  Congress  in  two  parts.  Part  I, 
Railroad  Highway  Safety:  A  Comprehensive  Statement  of  the  Problem,  was  sub- 
mitted  to  Congress  by  the  President  on  November  19,   1971. 

Part  II  of  the  report  is  now  under  way  and  is  scheduled  to  be  submitted  to 
Congress  by  July  1,  1972.  I  am  sure  that  most  of  you  have  had  a  chance  to  review 
Part  I.  You  are  probably  much  more  interested  in  what  will  be  contained  in  Part  II 
since  this  report  will  contain  conclusions  and  recommendations  for  solution  of  the 
grade  crossing  problem. 

The  AAR-AASHO  Joint  Committee  on  Grade  Crossing  has  been  very  active  in 
developing  these  two  reports.  The  railroad  members  of  the  committee,  who  serve 
a  dual  function  since  they  make  up  the  AAR  Highway-Rail  Programs  Policy  Com- 
mittee, include  T.  R.  Hutcheson,  assistant  vice  president  engineering  (chairman), 
Seaboard  Coast  Line  Railroad;  T.  P.  Cunningham,  assistant  chief  engineer  staff,  Penn 
Central  Transportation  Company,  A.  L.  Sams,  vice  president  &  chief  engineer,  Illi- 
nois Central  Railroad;  H.  M.  Williamson,  chief  engineer  system,  Southern  Pacific 
Transportation  Company;  and  K.  E.  Wyckoff,  director  public  works  planning,  Bur- 
lington Northern,  Inc.,  all  of  whom  are  members  of  the  AREA.  The  group  includes 
the  current  President  and  two  past  Presidents  of  AREA,  and  the  present  chairman 
of  the  Highways  Committee  of  AREA.  These  gentlemen  have  been  very  busy  and 
have  been  very  helpful  in  providing  information  and  reviewing  and  commenting  on 
various  proposals.  The  chief  engineers  of  practically  all  the  railroads  in  the  United 
States  have  been  involved  in  the  development  of  data  for  these  reports. 

I  am  sure  you  are  much  more  interested,  though,  in  the  types  of  questions  that 
are  being  looked  at  with  regard  to  developing  recommendations  to  be  contained 
in  Part  II  of  die  report  to  Congress.  The  following  is  a  list  of  position  papers  being 
developed  as  background  working  documents  for  the  final  report:  urban  railroad 
problems,  grade  crossing  needs  on  and  off  the  Federal-Aid  System,  types  of  improve- 
ment programs,  financial  responsibility,  research  and  development,  information  sys- 
tems, high-speed  rail  corridors,  rail  abandonments,  railroad  rolling  stock  improve- 
ments private  crossings,  pedestrian  safety,  crossing  usage,  driver  education  and  law 
enforcement,  and  the  role  of  the  governor's  highway  safety  representatives. 


Federal  Activities  in  Grade  Crossing   Safety 

73-638-4 

By    WILLIAM    E.    LOFTUS 

Chief,    Policy    Development    Division 

Federal    Railroad   Administration 

From  my  experience  in  government,  the  cycle  <>t  change  will  eventuallj  gel 
around  to  a  specific  problem  or  program  that  may  have  been  going  along  at  a  steady 

pace  for  years.  For  a  variety  of  reasons,  public  interest  stimulates  a  close  examina- 
tion of  the  problem,  and  at  a  certain  time  in  history,  change  is  generated.  Laws  are 
passed  or  amended,  new  funds  committed,  new  institutions  established,  and  a  whole 
new  set  of  baselines  and  guidelines  replace  the  old.  The  process  is  indeed  slow,  but 
it  is  also  irrevocable.  Nothing  stops  an  idea  from  flourishing  when  its  time  bas 
arrived. 

That  may  sound  a  little  too  philosophical  for  the  fairly  common  issue  of  railway- 
highway  grade  crossings,  but  I  do  believe  the  time  has  arrived  lor  the  resolution 
of  the  grade  crossing  problem.  We  are  at  the  time  in  history,  in  my  opinion,  that 
the  conflict  of  railway  and  highway  systems  has  become  intolerable  to  many  urban 
planners  faced  with  ever-increasing  traffic  problems.  The  safety  issue  is  one  that  can 
be  resolved,  given  the  resources  and  commitment  to  do  so.  Therefore,  I  see  the 
grade  crossing  isssue   in  the   same  posture  it  was  in  during  the   1930's. 

Forty  years  ago  major  commitments  were  made  to  improve  a  very  bad  safety 
situation.  That  was  largely  accomplished.  If  you  recall  we  had  2600  fatalities  in 
1929.  Today,  in  the  1970\s,  the  commitment  should  be  to  resolve  the  problem,  both 
from  the  standpoint  of  safety  and  to  achieve  minimal  conflict  of  our  railway  .mil 
highway  systems.  Obviously,  to  move  in  that  direction  will  require  all  of  us — 
government,  industry,  and  the  driving  public — to  go  further  than  we  have  yet  been 
willing  to  go. 

The  Department  of  Transportation  has  started  down  the  necessary  but  lengthy 
road  of  study,  analysis  and,  hopefully,  legislative  recommendations.  We  are  looking 
at  all  aspects  of  the  problem,  because  no  single  solution  is  available.  Even  the 
prospect  for  additional  funding,  or  that  funding  will  he  available  beyond  the  present 
restrictions,  is  not  the  total  answer.  If  it  were.  40  percent  of  the  grade  crossing 
accidents   would  not  be  occurring  at  protected   crossings. 

I  would  like  to  outline  for  you  the  scope  of  DOT's  analysis  Foi  made  crossing 
improvements  and  some  of  the  specific  activities  that  we  hope  will  give  wider  dimen- 
sion to  a  system  of  grade  crossing  solutions.  \s  I  see  it  our  role  lies  in  the  areas 
of   funding,    research,   and   public    information. 

Jim   Kirk,  of  the   Federal    Highway     administration    (FHWA),   will  he  talking 

about    the    funding    issue,    hit    me    preempt    him    somewhat    to    s,ty    that    the    question 

of  public  responsibility  for  crossing  improvements  is  being  re-examined  I  personally 

feel  we  must  ask  ourselves  the  question  ol  whether  there  should  hi'  an\  railroad 
participation  in  initial  grade  crossing  imrpovements.  Public  resources  are  not  un 
limited,   we   know    that.    But    tin-   recurring  costs   ol    made  crossing   protection   tall 

unevenly  on  the  railroads.  And  to  that  e\tent  we  need  to  look  ..uelullv.  as  we  are 
doing,  at  the  level  and  role  of  railroads  in  the  overall  COStS  ol  improvement  at  made 
trossings. 


Note:   Discussion  open   until  Octobei    1".    L97S 
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Switching  to  ihe  area  of  research,  let  me  first  say  that  FRA  is  quite  proud  of  its 
leadership  role  in  promoting  research  of  grade  crossing  problems — research  that  has 
been  largely  lacking  for  years.  We  don't  do  it  alone.  FHWA  is  very  much  with  us 
in  planning  and  funding  research — National  Highway  Traffic  Safety  Administration 
(NHTSA),  too.  Railroads  represented  on  the  policy  group  and  other  carriers,  too, 
have  been  more  than  cooperative. 

What  are  we  researching? 

In  the  area  of  hardware,  we  are  taking  a  close  look  at  the  use  of  means  other 
than  track  circuits  to  recognize  the  presence  and  speed  of  the  train  and  to  activate 
the  protective  devices.  DOT's  Transportation  Systems  Center  in  Cambridge,  Mass., 
is  heading  up  the  effort.  The  systems  they  are  looking  at  include  radar  and  micro- 
wave telemetry.  They  have  progressed  to  the  point  of  testing  lab-developed  hard- 
ware at  a  few  crossings  in  the  Boston  area.  They  have  also  let  contracts  for  the 
design  and  development  of  models  for  use  in  demonstrations  and  fields  tests.  Our 
primary  interest  is  to  examine  these  new  systems  from  the  view  of  lowering  the 
economic  cost  of  grade  crossing  protection.  We  also  hope  to  improve  protective 
devices,  at  least  to  the  extent  of  establishing  more  uniform  warning  time  to  the 
driver.  Beyond  the  economic  issue,  it  is  clear  that  a  device  not  located  on  railroad 
property  and  not  necessarily  tied  into  the  railroad  signal  system  raises  the  possibility 
of  public   ownership  of  the   protection   system. 

Our  research  interest  extends  also  to  passive  signing.  One  third  of  the  nation's 
230,000  crossings  have  less  than  two  trains  per  day  and  less  than  500  motor  vehicles 
per  day.  You  cannot  justify,  economically,  active  protection  at  these  crossings,  but 
yet  they  produce  accidents.  Better  passive  protection  at  these  crossings  is  one 
obvious  answer,  but  also  a  very  difficult  one  to  come  by. 

Have  the  traditional  crossbuck  and  advance  warning  target  sign  lost  their  use- 
fulness over  the  years?  They  are  certainly  universally  understood,  but  are  they 
effective?  What  the  highway  people  call  a  "pooled  funds  project '  is  getting  under- 
way to  test  and  demonstrate  new  techniques  in  signing.  The  pooled  funds  program 
is  a  joining  together  of  interested  state  highway  departments  under  FHWA  leader- 
ship. More  than  20  states  are  committed  to  the  project  and  funding  should  be  at  the 
level  of  about  $250,000.  New  signing  for  highway  approaches  to  grade  crossings 
should  be  the  result. 

The  third  element  in  the  grade  crossing  picture — the  driver — is  also  of  critical 
concern,  perhaps  (he  primary  concern.  FRA,  together  with  the  National  Highway 
Traffic  Safety  Administration,  is  funding  the  first  in-depth  look  at  today's  driver 
and  how  he  acts  in  the  grade  crossing  environment.  We  are  looking  at  his  attitude, 
understanding  of  the  hazard,  and  the  level  and  type  of  driver  information  and  edu- 
cation that  is  made  available  to  him.  Behavioral  research  is  difficult  and  perhaps  not 
too  precise.  However,  we  believe  that  the  development  of  new  signs,  new  automatic 
devices,  new  techniques,  must  be  related  to  the  driver — what  he  needs  and  what 
he  will  accept  as  credible  warning  of  a  potential  hazard. 

A  related  area  of  research  is  the  improvement  of  the  visibility  of  approaching 
trains.  An  earlier  research  study  confirmed  that  horns,  bells,  whistles  and  lights — 
as  we  know  them  on  today's  locomotives — do  little  to  advise  the  motorist  of  an 
approaching  train  in  a  high-speed  encounter — that  is,  50  mph  for  train  and  auto. 
Lower  urban  speeds  is  another  issue.  But  improving  horns  doesn't  hold  much  promise 
because  we  already  have  serious  environmental  problems  with  noise  at  urban  cross- 
ings. So  we  are  taking  a  look  at  some  new  lighting  concepts  with  the  assistance  of 
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the  National  Bureau  of  Standards.  One  idea  is  the  development  <>!  a  light  that 
appears  as  a  flashing  light  to  a  driver,  but  provides  a  stead)  light  source  for  crew 
members. 

Finally,  we  arc  concerned — like  all  good  researchers — thai  our  data  base  is  not 
complete  enough.  I  guess  you  tan  never  satiifj  an  economist  or  engineer  that  be  bas 
sufficient  data.  In  the  grade  crossing  arena,  we  feel  that  progress  toward  a  resolution 

of  the  problem  has  been  hampered  bj  the  fact  that  no  one  has  a  she-specific  inven- 
tory at  hand.  This  prevents  good  program  planning  at  the  federal  and  state  levels, 
prevents  evaluation  of  federal  and  state  programs  and  tends  to  lei  the  whole  issue 
slide  along  as  a  railroad  problem.  We  mav  very  well  he  asking  your  help  in  develop- 
ing a  full  inventory  on  which  we  can  intelligently  justify  public  improvement  pro- 
grams.  A  uniform  crossing  numbering  system  is  also  under  study. 

While  our  interest  and  discussion  relate  to  the  grade  crossing  problem  lliis 
morning,  I  believe  most  of  you  are  aware  of  another  growing  issue — railroad  reloca- 
tion. I  do  not  pose  it  as  a  new  problem,  but  I  do  believe  it  is  one  that  has  tre- 
mendous public  interest  overtones.  We  have  city  after  city  coming  to  us  with  well 
engineered  plans  to  relocate  railroad  facilities  from  urban  centers.  All  they  need  is 
public  assistance.  Most  believe  public  assistance  is  available  since  Greenwood,  S.  ('.. 
earned  a  place  in  legislative  history  by  becoming  the  site  for  a  federal  demonstra- 
tion project  on  railroad  relocation.  Twenty-six  cities  have  plans  ready  to  go,  but 
there  are  no  public  assistance  programs  that  relate  directly  to  the  problem, 

We  are  looking  at  the  relocation  problem  in  two  ways.  The  magnitude  of  the 
number  of  rail  facilities  is  staggering.  I  suspect  the  dollars  involved  in  any  major 
effort  to  relocate  them  would  outstrip  funding  requirements  of  the  Interstate  High- 
way Program.  So  we  are  taking  a  first  cut  at  the  order  of  magnitude  of  the  urban 
rail  relocation  problem.  More  importantly,  we  are  trying  to  assist  these  cities  in 
establishing  the  measurable  costs  and  benefits  involved. 

I  think  it  is  clear  that  most  of  these  communities  need  more  than  a  good  engi- 
neering plan  to  support  bond  issues  or  other  special  public  funding.  They  need  to 
be  able  to  rela.e  public  costs  to  public  benefit  before  seeking  successfully  addi- 
tional or  new  sources  of  funding.  There  are  many  issues  involved  tor  the  industrj 
and  huge  problems  of  funding,  hut  my  own  assessment  is  that  the  relo.a  ion  issue 
is  going  to  loom   much   larger  than  grade  crossings  in  years  to  come. 

In  summary,  let  me  repeat  that  we  are  going  to  change  the  status  quo.  Hope- 
fully, the  change  will  be  toward  resolution  of  the  problem.  We  will  propose  a  svs- 
tems  approach  to  include  our  best  efforts  to  find  and  recommend  additional  fund- 
ing— better,    more   economic   protection   devices — and   much   more   attention   to  the 

driver.   That's   a   tall   order,   but   a   necessarv    goal. 

Secretary  Volpe,  John  Ingram  and  Frank  Turner  support  the  need  foi  change. 

I    believe    Congress    does,    too. 

We    will    need    v  our   support,    too. 
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ABSTRACT 

The  Canadian  Institute  of  Guided  Ground  Transport  is  an  Institute  formed  at 
Queen's  University  under  the  sponsorship  of  Queen's  University,  die  Government 
of  Canada,  Canadian  National  Railways  and  Canadian  Pacific  Limited.  The  Institute 
is  intended  to  carry  out  investigations — short  and  long  term — for  improving  Canadian 
transportation  systems  and  developing  professional  personnel.  This  paper  outlines 
the  origins,  organization  and  current  program  of  the  Institute.  Twenty-one  projects 
are  briefly  summarized,  including  a  current  study  of  railways  to  deliver  Arctic  oil 
to  market. 

To  a  country  such  as  Canada,  which  has  sometimes  been  described  as  5,000 
miles  wide  and  100  miles  deep,  transportation  is  of  critical  importance.  Our  total 
expenditure  on  transportation  amounts  to  almost  20  per  cent  of  the  gross  national 
product.  For  every  thousand  Canadians  there  are  some  16  miles  of  surfaced  roads, 
some  2  miles  of  mainline  railway  track,  and  some  3/2  miles  of  air  corridors — more 
than  11  per  cent  more  roads,  90  per  cent  more  railway  track,  and  100  per  cent 
more  airways  per  capita  than  our  American  cousins.1 

Despite  die  importance  of  transportation  to  Canada,  less  than  1/2  per  cent  of 
the  industry's  employees  have  had  academic  training  to  degree  level,  and  most  of 
these  are  in  the  air  transport  sector,  largely  in  Research  and  Development.2  Student 
interest  in  transportation — especially  rail — was  hardly  at  a  high  level  in  the  past 
few  years. 

Partially  because  of  this  situation,  in  1968  the  Canadian  Transport  Commission 
circulated  a  letter  to  Canadian  Universities  indicating  an  intention  to  make  special 
development  funds  available  for  creation  of  transportation  research  institutes.  Now 
it  happened  that  the  then  dean  of  applied  science,  Dr.  J.  H.  Brown,  had  been  work- 
ing on  just  such  an  idea  for  a  broad-based  structure — a  rail  transport  research  insti- 
tute at  Queen's.  With  the  assistance  of  Deans  Slater  and  Kennedy  of  the  Graduate 
School,  Dean  Hand  of  the  School  of  Business  and  various  other  interested  persons, 
a  proposal  was  made  for  the  formation  of  the  Canadian  Institute  of  Guided  Ground 
Transport  at  Queen's  University.  General  agreement  had  already  been  established 
with  CN  and  CP.  The  intention  of  this  institute  was  to  carry  out  investigations  and 
research — short  and  long  term — to  improve  Canadian  ground  transportation  systems 
and  to  develop  a  scholarly  interest  in  transportation  among  graduate  and  under- 
graduate students.  It  was  concluded  that  both  these  goals  could  best  be  met  in  a 
university  environment. 


iHalton,    C.    C,    "Education    to    Meet    Canadian    Transport    Goals    of    the    1970's",    Canadian 
Aeronautics  and  Space  Institute  Journal,  December   1970. 
-Halton,   op  cit. 
Note:    Discussion  open  until  October  15,   1972. 
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For  the  sake  of  those  \\  1 1< >  do  oof  know  Queen's  University,  I  should  point  out 
that  Queens  is  the  oldest  federal!)   chartered  university  in  Canada,   L30  years  old. 

Queen's  has  had  a  Ions,'  association  with  the  Federal  Government  and  with  transport. 
A  former  chancellor  of  Queen's,  Charles  Werj  Dunning,  was  Minister  of  Canals 
and  Railways  in  the  Federal  Government  from  192h'  to  1929.  Dunning  Hall,  the 
current  home  of  the  School  of  Business  and  the  Department  of  Economics  at  Queen's, 
was  named  in  honor  of  this  great  Canadian.  It  is  thus  perhaps  fitting  that  the  first 
institute   of   transportation    under   the   new    scheme   should   be   at    Queen's    University. 

By  February  1970,  discussions  had  Keen  held  with  the  Government  of  Canada. 
as  represented  by  both  the  Canadian  Transport  Commission  and  the  Department  ol 
Transport,  with  the  two  major  Canadian  railways,  Canadian  National  and  Canadian 
Pacific,  and  with  the  Senate  of  Queen's  University.  Substantial  agreement  as  to  the 
form  and  substance  of  the  Institute  was  reached  at  that  time,  and  the  University 
Senate   approved  the  formation  of  the   Institute  at  Queen's. 

On  May  7,  1970,  in  the  Canadian  National  Railways  board  room  at  their  head 
office  in  Montreal,  an  organizational  meeting  was  held.  The  ten-man  Board  of 
Directors,  representing  the  four  agencies,  elected  Dr.  R.  A.  Bandeen.  then  vice 
president,  corporate  planning  and  finance  of  the  CNR,  as  chairman  of  the  Board. 
Professor  H.  G.  Conn  was  appointed  interim  director. 

In  subsequent  meetings  a  number  of  proposals  were  considered  and  feasibility 
studies   authorized  for  some  ten  projects  under  the  general   headings  of: 

1.  Communications  and  Control 

2.  Track  Structure  and  Dynamics 

3.  Mechanical  Systems 

4.  Economics 

5.  Cybernetics 

In  October,  1970,  Professor  Conn  asked  to  return  to  academic  duties  and  Dr. 
Clifford  A.  Curtis,  a  retired  clean  of  graduate  .studies,  became  interim  director.  In 
May,    1971,  Professor  Cecil  E.  Law    wis  appointed  the  first  executive  director. 

Let  us  turn  now  to  the  aims,  needs,  functions  and  organizational  structure 
of  the  Institute  as  set  out  in  the  Constitution. 

\s    stated    previously,    Canada's    vast    area    and    her   long-time    reliance   on    bulks 

marketable  commodities  have  led  to  the  development  of  two  ol  the  great  railwaj 
systems  of  the  world.  Now,  as  the  pace  uf  economic  development  increases,  as  urban 

populations  expand,  and  in  particular,  as  eves  are  turned  to  development  ol  Canada S 
northern  territories,  transportation  needs  are  not  Only  increasing  in  quantity,  but  mav 
be  expected   to   change    in   character.    We   have   alvvavs   had   to   move   our   goods   long 

distances.  Now  we  must  also  consider  the  increasing  competition  from  load  transport, 
pipelines,  and  air  transport.  The  implications  of  unit  train  operations,  containei 
operations,  the  land-bridge  concept,  progress  in  information  technology,  increasing 

inter-modal    integration,    and    perhaps    most    important    of   all.    the    implication    ol    In 

northern  operations — extreme  cold,  blowing  snow,  muskeg,  pel mafrost  and  interac- 
tions   with    the    environment — must     all    be    added    to    traditional    problems.     Finally, 

increasing  competition,  the  perennial  cost-price  squeeze,  and  general!)  more  complex 
management  problems,  call  lor  a  new   breed  ol  manager. 

While  the  railwa)  companies  and  manj   manufacturers  have  then  own  n 
organizations,  these  are  naturallj  oriented  towards  the  more  pressing  and  immediate 
problems.  Lack  of  time,  ol  technical  personnel,  "I  theoretical  background,  of  equip- 
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ment,  or  of  short-term  economic  justification  arc  only  sonic  of  the  reasons  for  inade- 
quate research  progress.  New  or  improved  transportation  systems  will  require  not 
only  intensification  of  engineering  research,  hut  also  consideration  of  economic, 
social,  and  political  effects.  Economists,  management  systems  analysts,  even  psychol- 
ogists and  sociologists  will  have  to  he  added  to  the  engineers  and  scientists,  if 
Canadian  transportation  research  is  to  meet  the  needs  of  the  next  10  to  30  years. 
Furthermore,  to  quote  Mr.  Kei!h  Campbell,  vice  president  administration  of 
Canadian  Pacific  Limited  at  corporate  headquarters  in  Montreal  and  a  director  of 
the  CICCT,  an  even  greater  need  than  that  for  research  is  for  an  assured  supply  of 
qualified  engineers,  economists,  managers  and  research  workers  willing  to  seek  careers 
in  the  transportation  industry."  It  is  these  people  who,  when  they  have  received  the 
necessary  experience,  will  he  called  upon  to  make  the  best  possible  use  of  every 
technical,  economic  and  managerial  aid  to  achieve  efficient  and  effective  operation 
of  modern  transportation  systems. 

Of  course  an  institute  located  in  a  university  setting  will  he  able  to  serve  a 
co-ordinating  function  between  operating  companies,  industrial  firms,  government 
agencies,  university  teachers  and  researchers,  and  students  of  transportation  that 
would  be  impossible  for  the  other  participants  to  achieve. 

How  is  the  Institute  organized?  All  persons  who  are  associated  with  the  work 
of  the  Institute  in  a  significant  way  are  eligible  for  membership  in  the  Institute. 
They  are  in  a  sense  the  stockholders  of  the  organization.  The  members  constitute 
a  Council  which  serves  as  a  forum  for  the  discussion  of  matters  pertaining  to  the 
Institute,  and  recommends  candidates  for  three  of  the  directorships.  The  Council 
is  in  fact  of  very  broad  composition.  Of  the  55  members  of  Council,  24  are  from 
Queen's  University,  2  from  other  universities,  18  from  the  two  railroads,  9  from  the 
Canadian  Transport  Commission  and  the  Ministry  of  Transport,  and  the  remainder 
from  the  industry  at  large.  We  hope  that  the  industry  content  will  increase,  and  that 
in  that  way  they  will  participate  in  the  research  direction  of  the  Institute. 

The  Board  of  Directors  constitutes  a  directing  body  in  the  usual  sense,  meeting 
several  times  a  year  as  necessary.  There  are  ten  directors,  three  appointed  by  the 
Senate  of  Queen's  University,  three  from  the  Council  as  mentioned,  of  whom  two 
are  appointed  by  the  principal  of  Queen's  and  one  by  the  Council  itself.  The  three 
agencies  external  to  the  University  appoint  one  director  each.  The  executive  director 
fills  the  tenth  seat.  The  functions  of  the  Board  of  Directors  include  policy  decisions, 
hudget  approval,  and  the  establishment  of  priorities  for  research.  The  executive  direc- 
tor administers  the  activities  of  the  Institute,  within  the  framework  established  by 
the  Board  of  Directors.  He  is  appointed  by  the  principal  of  Queen's  on  advice  of 
the  participating  agencies.  He  is  responsible  for  the  overall  co-ordination  of  research 
undertaken  by  the  Institute  except  that  research  undertaken  for  academic  credit  by 
students  is  the  responsibility  of  the  professors  in  charge  of  the  students,  who  are 
accountable  in  turn  to  their  academic  supervisors. 

The  Board  of  Directors  also  commissions  program  committees  to  advise  the 
executive  director  on  the  value  and  relevance  of  specific  research  proposals.  In  gen- 
eral, the  program  committees  are  appointed  for  each  of  the  areas  of: 

1.  Communications  and  Control 

2.  Track  Structure  and  Dynamics 

3.  Mechanical  Systems 


3 Campbell,    K.,    "Canadian    Institute    of    Guided    Ground    Transport,"    Speech    to    the   Candian 
Railway  Club,  Montreal,  Que.,   14  December  1970. 
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4.  Economics 

5.  Cybernetics 

6.  Special    topics,   covering   anything   not   otherwise   covered,   such   as   mag- 
neticially  levitated  ground  transport,  or  political  aspects  ot  transportation. 

Von  will  be  interested  in  the  aspect  of  financial  support.  The  three  external 
agencies  each  contribute  up  to  $100,000  annually.  The  Universit)  provides  all  back- 
ground financial  support  for  work  leading  to  academic  credit,  which  in  the  ease  ol 
graduate  students  amounts  to  about  $7,000  in  operating  costs  per  student.  The  Uni- 
versity charges  the  Institute  for  all  services  and  facilities  used  in  support  of  Institute 
activities    for   which    no   academic    role   exists. 

In  other  cases,  transportation-oriented  agencies  maj  finance  contract  research 
projects.  This  gives  them  some  additional  but  temporal)  control  over  the  contract 
and  course  of  the  research,  and  the  use  of  the  results.  The  Ins ti lute  charges  a  modest 
overhead  fee  for  this  service  and  after  a  suitable  interval,  makes  the  results  of  tin 
research    generally   available.    We    have    three    projects   in    this   category,    and    are    still 

working  out  our  procedures  and  policies  here.  We  hope  to  attract  a  broader  par- 
ticipation in  the  work  of  the  Institute  by  means  of  contract  research. 

At  present  there  are  some  twenty  projects  authorized  or  awaiting  final  authoriza- 
tion.   Let's   examine  them   briefly. 

1.    A    COMMUNICATION    SYSTEM    FOR    LONG    TRAINS 

G.    J.     M.     AlTKEN 

This  project  aims  to  develop  a  communication  system  capable-  of  carrying 
braking  and  control  signals,  and  a  voice  channel  to  locomotives  distributed  through- 
Out   a   long   train.   The   system    is   to   use   some   form   of  transmission    line    rather   than 

radiation  and  must  not  use  metal-to-metal  (direct)  contacts  at  the  inter-car  couplings. 

Inductive,   capacitive.    and    radiative  coupling   schemes   will   he   investigated,     \perture 
antennae   were   examined    at    an    earlier   stage   of    this   project. 

2.    GUIDED    RADAR    FOR    OBSTACLE    DETECTION    IN    GUIDED    TRANSPORT 
SYSTEMS:    SIGNAL    PROCESSING    ASPECTS 

c.  j.  \i.  Aiikin 

The  object  of  this  work   is   to  study   the  signal   processing  aspects  ol   an  obstacle- 

detecting  radar  using  surface  or  open  field  wave-guides.   Measurement  on  "leak> 
lines,  parallel-wire  lines  and  other  open  field  lines  begun  last  year  will  continue.  This 
vear's   efforts   will   concentrate   on   the  experimental   and   analytic  studv    of    guided 

radar   specifically   for   the   detection   of  land    and   snow    slides. 

3.    SURFACE    WAVE-GUIDES    FOR    GUIDED    RADAR    AND    OBSTACLE    DETECTION 
IN    GUIDED    GROUND    TRANSPORTATION 

J.  C.   Hi  m 

Guided    ground    transportation    sv-teins    require    a    forward    scanning   obstacle 

detection    system    capable    of    reliable    detection    ol    obstacles    ol    all    kinds      .,    Up,-    ot 

radar  svstem  thai  will  truly  follow  curves  m  the  route  ahead  lo  enable  control  m 
formation  to  be  fed  back  to  the  vehicle  in  time  i«.  prevent  collision,  hence  "guided 
radar."  The  general  research  objective  is  to  studv  the  nil.,  ted  fields  producd  on 
surface  wave-guides  from  various  metallic  and  non-metallic  obstacles  and  to  .ism  ss 
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the  electro-magnetic  field  sensitivity  of  such  a  guided  radar.  The  project  relates  to 
G.  J.  M.  Aitken's  signal  processing  study  of  guided  radar.  Reflected  fields  of  plane 
metallic  obstacles,  and  lossy  dielectrics  have  already  been  studied. 

4.    CONTROL   OF   MULTI-LOCOMOTIVE    POWERED   TRAINS 
P.  J.  McLane 

The  general  research  objective  is  to  obtain  a  practical  control  system  to  com- 
pensate for  large  coupler  forces  while  maintaining  schedule  velocity  in  the  consists 
of  long  multi-locomotive-powered  trains.  This  control  system  will  be  designed  to 
operate  on  grades  encountered  on  Canadian  railroads  and  will  also  compensate  for 
the  deadzone  for  the  couplers  in  the  consist.  In  addition  it  is  hoped  that  the  control 
system  will  be  able  to  overcome  some  of  the  detrimental  effects  that  are  encountered 
in  various  braking  situations  for  unit  trains.  Substantial  analysis  of  level  terrain 
problems  have  already  been  studied  via  analog  and  digital  computer  programs 
specially  developed  for  the  purpose. 

5.    OPTIMIZATION    OF   SIGNALLING   AND    COMMUNICATIONS   SYSTEMS 
FOR   AN   ARCTIC    OIL   RAILWAY 

N.  A.  M.  MacKay 

Because  of  the  special  "following-movement-only"  operations  of  the  arctic  unit 
train  railway  there  is  an  opportunity  to  consider  special  signal  arrangements.  The 
first  stage  will  consist  of  a  study  to  determine  the  feasibility  of  some  form  of  Dis- 
tance Measuring  Equipment  (DME),  a  range  positioning  system  or  other  methods 
of  position  indication,  to  allow  train  operators  to  determine  the  precise  position  of 
the  train  ahead.  The  second  stage  will  involve  the  design  of  a  simple  prototype 
of  an  optimum  signalling  system  for  the  Arctic  Railway.  This  is  a  new  project, 
though  a  fairly  conventional  signal  and  communications  system  has  already  been 
designed. 

6.    SOLID-STATE   REPEATERS 
R.  H.  Mitchell 

The  general  objective  is  to  design  solid-state  repeaters  ( required  every  three- 
quarters  of  a  mile)  for  guided  radar.  Specifications  for  the  amplifiers,  and  charac- 
teristics of  the  required  micro-wave  transistors  have  been  established  in  last  year's 
work.  Bi-directionality  of  the  amplifier  and  the  possibility  of  having  to  incorporate 
a  frequency  converter  will  be  studied  this  year. 

7.    DYNAMICS    OF   LONG   TRAINS 
E.  F.  Kurtz 

The  objective  of  the  proposed  research  is  to  investigate  theoretically  the  vibra- 
tion characteristics  of  long  trains  of  railroad  cars  with  primary  attention  to  freight 
cars.  Comparison  of  theoretical  results  with  experimental  data  will,  for  the  next 
year,  be  limited  to  the  use  of  data  available  from  the  railroads  and  N.R.C.  During 
the  past  year,  computer  programs  for  calculating  vibration  characteristics  have  been 
developed.  These  will  be  completed  and  applied  to  obtain  results  concerning  char- 
acteristics of  trains  of  specific  types  of  freight  cars.  Later,  the  effect  of  freight  car 
design  parameters  on   stability  characteristics  will  be  studied. 
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8.    TRACK    DYNAMICS — INFORMATION    ACQUISITION    AND    ANALYSIS 
E.    R.    CORNEEL 

To  detect  motion  of  the  rail-tie-ballast  structure  "1  a  railroad  at  a  single  point, 
as  a  high-speed,  heavily-loaded  train  passes  over  it,  requires  three  co-ordinate  accel 
erometers  on  the  rail  and  on  the  tie.  \  load  cell  will  permit  detection  ol  the  inter- 
action force  between  rail  and  tie.  A  pressure  eell  buried  in  the  ballast  can  indicate 
the  transfer  of  forces  to  the  ballast.  Thus,  eight  simultaneous  channels  ol  information 
are  required  for  each  test  point.  To  evaluate  the  effect  of  car  dynamics,  it  is  neces- 
sary to  place  test  points  on  each  rail  (for  car  roll)  and  at  more  than  one  location 
on  each  rail  (vertical  car  motion).  The  objective  is  to  acquire  data  simultaneous!) 
from  up  to  32  information  channels,  with  the  acquisition  rate  sufficiently  high  to 
identify  frequencies  as  high  as  800  Hertz.  The  data  acquisition  system  already  under 
construction  will  be  completed  and  tested,  and  data  collected  at  field  stations  using 
an  appropriate  statistical   design. 

9.    A    STUDY    OF    STRESSES    AND    DEFORMATIONS    UNDER    DYNAMIC    AND    STATIC 
LOAD    SYSTEMS    IN   TRACK    STRUCTURE    AND    SUPPORT 

G.   P.   Raymond 

General  research  objectives   arc  to: 

(1)  Investigate  simple  laboratory  methods  of  obtaining  vibration  characteristics 
of  granular  soil   (ballast). 

(2)  Determine  simple  laboratory  means  ol  determining  whether  ballast  will 
disintegrate  or  crush  under  typical  stresses  and  deformations  produced  by  a  train, 
and  effect  on  geotechnical  properties  of  ballast. 

(3)  Undertake  theoretical  studies  and  laboratory  model  tests  up  to  full  size  on 
behavior   of   ballast,    sub-ballast,    and    subgrade    under   vibration    and    cyclic   loading. 

(4)  Investigate  gradation  of  various  layers  necessary  to  prevent  migration  oi 
fine  particles   (pumping). 

Equipment  has  been  assembled  and  tests  procedures  developed  during  tin- 
past  year. 

10.    IMPROVEMENT    OF    AUTOMATIC    COUPLING-UP    PERFORMANCE 
IN    MARSHALLING    YARDS 

C.  X.  Kerb 

The  aim  is  to  lower  the  Frequencies  of  overspeed  impacts  and  st. ilk  m  classifica- 
tion   tracks   of   automated   Canadian    yards.    For  existing   yards,    it    is   planned    to   (on 

tinue  work  started  last   year  to  substantiate  whether  skewing  of  bogies  is  a  significant 

factor,  and  to  experiment  with  guard  rails.  The  development  ol  a  simulation  program 
to  predict  performance  in  classification  track,  and  then  to  adjust  design  parameters, 

will   continue 

11.    FREEZING    PROBLEMS    DURING    RAIL    TRANSPORTATION — STATE    OF   THE    ART 

If.     COl    l|N 

This  stud)  will  compile  pertinent  information  currentl)  available  in  published 
documents  and  organize  this  information  in  report  form.  Companies  and  research 
agencies  that  have  conducted  investigations  into  this  phenomenon  will  1»-  identified. 

This   is   a   new    proj( 
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12.    FREEZING    PROBLEMS    DURING    RAIL   TRANSPORTATION — PART   2 
H.    Colijn 

This  study  will  survey  various  techniques  and  methods  applied  by  industry  in 
North  America  and  Europe,  and  determine  the  effectiveness  of  these  techniques  by 
observing  the  applications  in  the  field.  This  is  a  new  project. 

13.    FORECASTING    THE    DEMAND    FOR   TRANSPORTATION    SERVICES    USING    AN 
ECONOMETRIC    MODEL    OF   THE    CANADIAN    ECONOMY 

G.   R.  Sparks 

This  project  will  use  the  Bank  of  Canada  econometric  model  together  with  a 
number  of  variables  representing  transportation  activities  in  order  to  study  the  rela- 
tionship between  these  variables  and  the  measures  of  econometric  activity  predicted 
by  the  model.   Some  work  has  already  been  done. 

14.    FORECASTS    OF   MAJOR   TRANSPORTATION    SERIES 
M.   Daub 

This  project  will  attempt  to  identify,  estimate,  and  forecast,  using  a  particular 
class  of  simple  models,  a  representative  sample  of  the  more  important  guided  ground 
transport  statistical  series.  This  is  a  new  project. 

15.    CANADIAN    FREIGHT   TRANSPORT   MODEL 
H.  V.  Fullerton  and  E.   R.   Petersen 

This  multi-phase  project  is  intended  to  develop  a  planning  model  for  the 
Canadian  freight  transportation  system,  with  particular  emphasis  on  the  rail  com- 
ponent. Next  year's  work  will: 

•  Finalize  validation  of  railcar  network  models  for  the  CN  and  CP  mainline 
systems. 

•  Assist  the  railways  to  use  the  railcar  network  model. 
©  Assemble  a  transport  data  base  for  each  model. 

•  Develop  a  mode  selection  model. 

•  Develop  a  model   traffic  asssignment  procedure. 

•  Develop  a  methodology  for  long-term  forecasting  of  fiuure  freight  traffic  by 
commodity  type. 

A  number  of  reports  have  been  prepared. 

16.    A    SIMULATION    MODEL    FOR    NORTHERN    TRANSPORTATION    PROJECT    PLANNING 

J.   A.   MacDonald 

The  objective  is  to  provide  a  simulation  model,  coupled  to  a  project  selection 
algorithm,  which  will  enable  a  transportation  planner  to  obtain  a  measure  of  the 
influence  of  a  particular  series  of  transportation  investments  on  the  region  served 
by  the  system.  The  primary  metal  mines  of  northern  Canada  are  typical  examples 
of   the    industries    affected    by   such    transportation   developments    in   primitive   areas. 

17.    THE    APPLICATION    OF    ERGONOMICS    TO    TRAIN-DRIVING    TASK: 
A    FEASIBILITY    STUDY 

G.  M.  E.  Michaut 

This  preliminary  study  will  examine  the  applicability  of  task  analysis  of  the 
behavioral   requirements   of  the   train-driving  task,   system   analysis   of  the   rules   and 
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constraints  of  the  train-driving  systems,  and  the  quality  (it  the  output  in  terms  <>1 
unwanted  effects  (accidents,  near  accidents,  critical  incidents).  A  special  psycholog- 
ical survey  of  the  population  of  train  drivers  will  eventually  result.  It  will  also  pro- 
vide data  necessary  for  the  ergonomic  design  of  an  engine  cab.   This  is  a  new   study. 

18.    MAGNETIC    LEVITATION    AND   VARIABLE-SPEED    LINEAR    SYNCHRONOUS    MOTOS 

D.  L.  Atherton 
This  project  will  study: 

(1)  Super    conducting    magnets    for    magnetic    levitation,    and    variable-speed 

linear  synchronous  motors  for  guided  ground  transportation.  The  study  is  concerned 
with  magnet  design,  optimization  guidelines,  engineering  design  aspects  and  cost 
estimates. 

(2)  Investigation  of  controlled  variable-speed  linear  synchronous  motors,  includ- 
ing demonstration  models  and  high-power  semiconductor  control  circuit  development. 

(3)  Conceptual  design  and  costing  of  large-scale  (low-speed)  test  facilities 
generating  large  forces  to  investigate  a-c  magnet  losses,  cryogenic  hardware,  support 
for  the  magnet,  track  irregularities,  etc.  The  project  is  a  new  phase  of  some  work 
s  arted  elsewhere. 

19.    INTERGOVERNMENTAL    ASPECTS    OF    TRANSPORT    REGULATIONS 
R.    M.   Burns 

This  study  will  examine  the  overlapping  of  federal,  provincial,  and  local  gov- 
ernmental control  in  rail  transport  systems.  Legal  and  actual  status  of  existing  sys- 
tems  will  be  studied,  including  the  historical  and  political  antecedents  of  that  status. 
Essentially  this  investigation  will  explore  secondary  Canadian  material.  It  could  be 
the  basis  of  more  intensive  development  it  results  warrant.  This  is  a  new   study. 

2C.    ARCTIC    OIL    RAILWAY    FEASIBILITY    STUDY 
C.   E.   Lxw 

This  study  has  examined  the  economic  and  operational  feasibility  of  a  railway 
to  move  crude  oil  from  the  arctic  slope  regions  of  Western  North  America.  Th< 
project  was  suggested  by  a  previous  study  done  by  Professor  R.  Rice  at  Carnegie- 
Mellon  University,  who  are  cooperating  in  the  present  stuck.  Hail  routes  from  Prud- 
hoe  Bay  in  Alaska  and  the  Mackenzie  Delta  to  terminals  areas  in  the  southern 
Yukon  and  southern  Northwest  territories  via  the  Yukon  River  vallev  and  the  Mac- 
kenzie River  valley  (sec-  map)  have  been  selected  from  map  studies.  The  svstem 
sufficient    to    handle    cargoes    substantially    in    excess    of    the    2    million    barrels    a    dav 

proposed  for  pipelines,  has  been  designed  and  costed.  A  report  has  been  prepared 

but   not    vet   released.   The   rail   system   appears   to  have   man)    desirable  features. 

21.    A    CHECK    LIST    OF    IMPORTANT    GUIDED    GROUND    TRANSPORTATION    PROBLEMS 

C.   H.    l-vw 

An  attempt  will  be  made  to  assemble  an  annotated  list  oi  possible  projects 
of  importance  to  the  industry.  This  will  seive  as  .i  guide  to  universit)  researchers 
looking  for  appropriate  research  projects. 
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In  1971  the  projects  studied  included  one  in  cybernetics,  one  in  economics,  and 
nine  in  the  general  field  of  engineering.  The  Arctic  Oil  incorporates  all  areas.  The 
total  amount  granted  directly  and  indirectly  for  these  studies  in  1971  was  approx- 
imately S250.000.00.  This  means  that  two-thirds  to  almost  five-sixths  of  the  total 
budget  of  the  Institute  will  go  directly  for  research  grants.  Although  many  of  the 
projects  contemplate  continued  research  in  1972  and  later  years,  the  policy  of  the 
Institute  is  to  review  the  results  of  each  project  before  the  next  year's  appropriation 
is  made. 

It  is  also  intended  that  seminars  or  conferences  will  be  held  by  CIGGT  from 
time  to  time.  The  first  of  these  was  held  February  6— S  this  year,  with  some  135 
attending  from  a  wide  spectrum  of  people  interested  in  rail  transport.  We  even  had 
airway  vice  presidents  i  one  a  rail  president  in  his  own  right )  and  one  vice 
president  of  the  AAR  in  attendance  plus  two  private  cars  on  the  local  siding.  Pro- 
ceedings of  this  seminar  are  to  be  published  shortly. 

It  is  further  hoped  that  the  Institute  will  be  able  to  encourage  a  healthy  interest 
in  the  transportation  industry  as  a  career  field  for  graduates  and  undergraduate  stu- 
dents alike.  While  specific  degree  programs  are  not  contemplated  at  this  time,  it  is 
hoped  that  existing  transportation  oriented  courses  will  be  developed  and  extended. 
Already,  however,  we  have  five  PhD  students,  and  two  post-doctoral  fellows,  plus 
five  master's  students  working  directly  on  transportation  research,  and  have  had 
three  masters  students  working  last  year.  A  substantial  number  of  students  are 
employed  in  one  task  or  another  associated  with  CIGGT  research.  This  is  all  in 
addition  to  the  33  University  staff  members,  and  13  effectively  full  time  employees 
of  the  project  leaders,  several  of  these  last  being  PhD's  themselves.  There  are  only 
three  permanent  employees:  niyself.  a  secretary  and  a  part-time  assistant  to  the 
executive  director.  This  keeps  the  majority  of  the  funds  going  to  research,  not 
administration. 

I  should  point  out  that  we  pay  our  researchers.  Not  exacdy  consulting  fees  of 
course.  We  pay  them  the  daily  rate  they  receive  as  university  professors.  But  by 
university  rules,  the  number  of  days  is  limited  to  the  equivalent  of  one  day  a  week 
plus  part  of  the  usual  holidays,  as  a  maximum.  We  are  currently  considering  further 
part-time  employment  with  a  substantial  part  of  the  daily  pay  given  to  the  Univer- 
sity department  concerned  rather  than  to  the  professor.  The  purpose  of  the  pa>-ment 
is  of  course  to  encourage  researchers  to  become  involved  with  rail  research  projects 
of  a  mission-oriented  sort  rather  than  the  basic  research  more  typically  acceptable 
in  the  academic  environment,  or  for  that  matter,  rather  than  engage  in  consulting 
work,  which  pays  a  lot  better,  but  has  no  academic  acceptability  and  little  research 
interest  for  the  most  part.  The  road  between  these  various  shoals  is  a  tricky  one. 
So  far  we  seem  to  be  following  it  successfully. 

What  of  the  future?  There  are  plenty  of  possible  research  projects.  We  hope 
to  compile  an  annotated  fist  of  the  more  promi>     -  By  close  contact  with  the 

railroads,  we  hope  to  establish  their  ideas  as  to  problem  priority.  But  the  researchers 
have  ideas  of  their  own.  or  they  couldn't  do  useful  work.  They  too  will  fa 
chance  to  suggest  problems  and  to  bid  for  priorities.  By  getting  the  researchers 
the   railroaders   together,   each  visiting   the   other  on  his   own   ground,   we  hope   to 
establish  the  kind  of  close  relationship  that  will  meet  our  goals:   improvement  of 
guided  ground  transport  systems,  and  a  scholarly  interest  in  transportation  at 

ehers  and  students  alike,  so  that  the  railroads  will  once  again  /trac- 

tive  career  prospects   to  some  our  better  students. 


LIMRV:   A   Report  on  the  Track 
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By   ROSS   T.    GILL 

Federal    Railroad    Administration 

Washington,    D.C. 

Introduction 

The  initial  phase  of  6.1  miles  of  Linear  Induction  Motor  Research  Vehicle 
(LIMRV)  trackage  has  now  been  completed  and  is  currently  operational  at  the 
High  Speed  Ground  Test  Center  (HSCTC)  at  Pueblo,  Colo.  This  section  of  track 
now  provides  the  primary  test  bed  necessary  for  LIMRV  experimental  studies  at 
speeds  up  to  200  mph.  The  track  forms  a  basic  part  of  the  planned  21-mile  test 
loop  for  ultimate  LIMRV  test  speeds  of  250  mph.   (See  Fig.  1) 

The  test  track  has  a  nominal  gage  of  56%  inches  and  contains  a  22-inch-high 
specially  extruded  aluminum  fin  attached  to  the  ties  in  the  track  center  that  provides 
the  secondary   (or  stator)   to  the  Linear  Induction  Motor   (LIM)  system. 

Deviations   from   normal   railroad  construction  practices  included  the  following: 

1.  The  0C26'  curve,  a  3-mile  portion  of  the  track,  is  superelevated  to  8  inches, 
representing  an  equalibrium  speed  to  the  LIMRV  of  167  mph,  and  per- 
mitting speeds  to  200  mph.  For  the  250  mph  operation  this  superelevation 
will  be  raised  to  10  inches  as  the  length  of  trackage  is  extended. 

2.  Rigorous  tolerances  governing  longitudinal  profile  and  alignment,  cross 
level  and  gage  relationships  for  the  119-lb  CF&I  steel  running  rails 
have  advanced  the  state  of  the  art  in  the  rolling  of  steel  rails,  the  fabrica- 
tion into  1440-ft  continuously  welded  strings,  surveying  techniques,  to 
some  extent  construction  me  hods,  and  the  application  of  standard  track- 
operated  construction  machinery.  These  tolerances  reflect  maximum  devia- 
tions of  3/64  inch  on  a  10-ft  chord  with  proportional  associated  values 
to  examine  700-ft  wave  lengths. 

3.  The  first  application  of  full  ballast  consolidation  during  construction  was 
introduced  by  use  of  equipment  designed  specifically  for  the  purpose. 
Consolidation  of  ballast  normally  takes  place  through  railroad  traffic- 
induced  loads  and  vibrations  whereas  the  LIMRV  trackage  would  not 
see  such  traffic  in  the  usual  sense. 

4.  The  design  of  the  rail  fastener  system  permits  fine  realignments  of  both 
steel  rails  and  aluminum  reaction  rail,  without  disturbance  of  ballast, 
through  metal  shims  readily  applied  in  association  with  standard  track 
components. 

5.  During  installation  of  the  steel  running  rails,  stress  levels  of  all  rails  were 
monitored  with  a  mechanical  strain  gage  at  133  locations  throughout  the 
trackage  to  insure  uniform  final  rail  assembly  at  80  F. 

6.  Prior  to  installation  of  the  aluminum  reaction  rail  the  steel  running  rails 
were  ground  and  then  polished  to  remove  excess  mill  scale  and  facets  left 
by  grinding.  This  provided  an  immediate  smooth  surface  for  the  rail-wheel 
interface. 


Note:    Discussion    open    until    October    IS,    1972. 
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7.  The  continuously  welded  aluminum   reaction   rail  lor  the   LIM   is   unted 

vertically  in  the  center  of  the  track  and  secured  to  the  wood  ties  through 

clips   and   tie   plates.  Then,  this  rail   is   thermal!}    expanded   ami   and '1 

to  maintain  the  rail  stress  in  tension  at  all  times  to    L40  F. 

Future  construction  plans  will  extend  the  southerly  portion  of  this  track.  Tin- 
existing  track  is  periodically  being  monitored  to  maintain  proper  tolerances  and 
stress  level  conditions  and  will  provide  future  evidence  for  track  behavior  studies. 
The  Track  Survey  Device  (TSD),  currently  being  fabricated  l>y  General  Applied 
Science  Laboratories,  is  expected  to  be  in  operation  at  the  HSGTC  in  March  1972 
and  will  provide  rapid  track  geometry  data  for  operational  as  well  as  maintenance 
information  relative  to  the  LIMRV  trackage. 

The  LIMRV  retains  many  of  the  characteristics  associated  with  conventional 
railroad  vehicles,  e.g.,  it  has  two  trucks  each  with  two  axles  and  four  steel  wheels 
to  support  and  guide  the  vehicle  down  the  track.  Although  the  primary  objectives 
appear  as  a  performance  test  of  the  LIM  propulsion  system  then  exists  a  secondarj 
path  of  exploration  which  leads  to  studies  for  defining  the  maximum  capabilities 
of  steel  wheel/rail  support  and  guidance  systems.  It  is  generally  agreed  among 
experts  in  this  field  that  we  have  only  scratched  the  surface  of  this  technology  to 
date.  History  has  recorded  only  brief  moments  of  exploration  above  200  inph  speeds 
with  rail  tracked  vehicles.  Much  of  die  needed  information  exists  in  proprietary 
form  or  does  not  exist  at  all. 

It  was  evident  to  the  FRA  early  in  the  LIMRV  design  that  the  steel  wheel  rail 
system  aboard  the  LIMRV  would  provide  the  primary  technological  expansion  neces- 
sary  for   designing   and   constructing   advanced   passenger   and   freight   rail    vehicles. 

Through  accelerational  instrumentation  applied  at  discrete  locations  mi  the 
LIMRV  truck  members,  critical  forcing  functions  and  frequencies  can  be  established 
through  all  speed  ranges.  Equally  important  variables  associated  with  the  LIMRV 
track  will  also  be  measured  to  determine  spring  rates,  critical  velocities,  and  track 
modulus.  Once  the  basic  variables  and  constants  associated  with  LIMRV  trucks 
and  track  are  established,  then  current  computer  models  will  have  more  exacting 
results  and  therefore  be  more  useful  when  varying  parameters  such  as  mass  and 
speed  for  designs  of  other  rail  vehicle  systems  within  truck  suspensions  and  track 
supports. 

LIMRV  Track   Construction 

The  LIMRV  track  is  located  some  30  miles  northeast  ol  Pueblo,  adjacent  ami 

directly  north   of  the  Pueblo  Army  Depot  at   North  Avondale.  This  trackage   Is  pail 

of  a  network  currently  being  constructed  or  planned  for  the  High  Speed  Ground 

Test  Center  which  comprises  an  area  5H  miles  l>v  !)  miles  specificallj  to:  testing 
conventional  as  well  as  advanced  transportation  systems. 

The   portion  of  the   LIMRV   trackage   that    is   now    completed  comprises  8.1    miles 

of  a  planned  21-mile  loop.  The  completed  section  has  .;  miles  nt  tangent  and  >.  I 
miles  of  0°26'  curve  with  8%  inches  d  superelevation.  This  trackage  is  accessible  by 
rail  dirough  a  3.8-mile  access  spm  track  constructed  between  the  LIMRV  test  loop 
trackage  and  the  Pueblo  Armj   Depot.   The  accompanying  map  indicates  the   current 

trackage  constructed  and  trackage  planned   for  future  COnstrui  I (&  I     I 

The  environment  at  Pueblo  reflects  that  ot  maiiv  semi-arid  regions  ol  the  South- 
west. Vegetation  consists  mostl)  of  saue  brush,  hull. Jo  eiass  and  cholla.  Tempera- 
ture ranges  are  generally  bom  —20  F  in  wintei  to  105  F  In  summer.  The  climate  is 
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generally  mild  and  extreme  temperatures  occur  only  on  rare  occasions.  Wildlife  in  tin- 
area  is  typical  of  other  similar  areas  in  southwest  United  States  and  northern  Mexico. 
The  most  common  inhabitants  are  antelope,  rabbits,  diamondback  rattlesnakes, 
racers,  desert  tortoises,  kangaroo  rats,  and  assorted  insects.  No  doubi  Walt  Disnej 

Productions  could  best  identify  all  the  life  in  tin's  "Living  Desert."  Most  ot  tin  soil 
is   typically  sand/silt  with  occasional   clay  pockets  and  alkaline   anas. 

The  embankment  construction  was  started  in  August  of  1970  by  Colorado  (.'(in- 
structors. It  was  designed  and  administered  by  Federal  Highway  Administration 
personnel  from  Region  9,  Denver.  The  design  utilized  die  native  material  in  the  ana 
with  exception  of  the  top  8-inch  subgrade  surface  which  is  composed  of  select  mate- 
rial similar  to  typical  highway  subbase  material.  All  cut  and  fill  slope  sections  wen 
sown  with  a  variety  of  seeds  to  provide  erosion  protection.  Fig.  2  indicates  the  typ- 
ical sections  and  plans  for  the  embankment.  Construction  specifications  in  general 
followed  the  FHWA  "Specification  for  Construction  of  Roads  and  Bridges,"  FP-69. 

The  general  specifications  for  conventional  track  material  and  track  construc- 
tion were  provided  by  the  Federal  Railroad  Administration.  All  track  materials  with 
exception  of  the  ballast  and  aluminum  reaction  rail  fastener  parts  were  provided  bj 
the  Government  for  incorporation  into  the  construction  at  the  site.  The  following 
is  a  list  of  components  used  in  the  LIMRV  track  assembly. 

Items  Description  Manufacturer 

Ties      8"  X  9"  X  9'  —  0'  AT&SF  Ry 

Rail      119-lb  CF&I,  CWR  CF&I  (rail) 

AT&SF  (flash  butt 

(welding) 
Orgotherm,  NCG, 
( field  welds ) 

Tie  plates   14"  X  7X"  for  6"  base  rail       CF&I 

Drive  spikes Cone  neck  Lewis  Nut  &  Bolt 

Anchors     Compression  clips  and  "J"         Rails  Company 

bolts 
(See  Fig.  3) 
Horiz.  shims  &  keepers  .    Assorted  thickness  Rails  Company 

1/32",  1/16",  Ys",  X" 
(See  Fig.  3) 

Vert,    shims    (See  Fig.  4)  Morrison  Knudsen 

Aluminum  reaction  rail  .    (See  Fig.  5)  DOW  Chemical  C pan) 

Reaction  rail  tic  plates  & 

fasteners      (See  Fig.  6)  Furnished  by  Garrett 

As  the  embankment  construction  progressed  northward  in  September  1070, 
a    contract    was    let    to    Morrison    KnucKen    of    Boise,    Idaho,    to    construct    trackage    to. 

a  distance  of  9.9  miles,  not  including  installation  of  the  reaction  rail.  The  reaction 
rail  was  installed  later  by  Hie  hard  Peck  of  Santa  Be,  V  M..  as  ..  subcontractor  to 
the  Garrett  Corporation,  a  subsidiary  <>l  Uresearch,  Inc..  which  was  responsible  for 
the  design,  fabrication  and  performance  operation  ol  the  vehicle     I.IMI<\ 

Early  track  construction  efforts  on  the  3.8-mile  access  track  proved  valuable 
from  the-  standpoint  ol  discovering  certain  idiosyncrasies  in  the  fastening  assemblies 
in  addition  to  perfecting  the  rail  slices  level  adjustment  program  and  field  welding 
technique,  prior  to  constructing  <>l  the  8.1-mile  test  portion  <>i  the  trackage,  hut  tor 
the  most  part  the  access  trackage  Followed  normal  construction  techniques  similar 
to  those  found  in  the  railroad  industry. 

/'.  w  continued  on  pagt   618 
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PUEBLO,  COLORADO 
SHIM  PLATE  FOR  VERTICAL  ADJUSTMENT 


Fig.  4 


For  the  purpose  of  this  discussion  the  construction  methods  described  and 
sequences  outlined  will  pertain  only  to  the  items  associated  with  the  LIMRV  test 
trackage. 

A  9-inch  layer  of  subballast  was  first  distributed  by  truck,  then  spread  with  a 
blade  and  compacted  with  a  steel  vibratory  self-propelled  roller.  The  thickness  of 
this  ballast  was  varied  on  the  superelevated  portions  (superelevation  was  previously 
designed  into  the  subgrade)  to  allow  safe  handling  of  the  rail  train  at  a  temporary 
superelevation  of  5  inches.  Compaction  tests  were  performed  on  the  compacted  sec- 
tions with  a  nuclear  density  gauge  to  determine  optimum  compaction  in  relation 
to  optimum  effort  by  the  vibratory  roller.  Ballast  was  supplied  from  a  limestone 
quarry  in  Colorado  Springs  in  close  conformity  to  the  AREA  gradation  for  No.  5 
ballast. 

While  the  ballasting  effort  progressed,  the  tie  counterbore  and  preplating  opera- 
tion was  underway.  All  ties  required  a  counterbore  operation  to  provide  free  entry 
of  the  compression  clip  and  "J"  bolt  assembly  to  encourage  the  full  engagement 
under  the  tie  plate  of  the  "J"  bolt  during  application  in  the  track.  The  preplating 


Address  l>\    Huns  T.  Gil] 


917 


.75R 
\ 


-      .625 


1.370  TYP 


ASSEMBLY 
Fioure  fi 


REACTION  RAIL 


operation  following  counterboring  required  a  hill-span  still  steel  jig  between  the  tie 
plates   on  each   tie   to   insure   rigid   alignment  capabilities   between   rail,   tie   plates 

and  si i  in  is. 

The   completed    tie    assemblies    were    then    transported    to    the    compacted    ballasl 
section  and  accurately  placed  at    19  inches  center  to  center  on  the  alignment. 

CWB  was  transported  to  the  site  in   1410-it  strings  via  an  AT&SF  rail  train. 

M-K  provided  the  transition  rail  threader  ear  and  I'ettihone  "Wide  Track'  Speed- 
Swing  tractor  for  CWB  handling.  The  rails  were  drawn  in  pairs  at  naiiow  uaee  oil 
the  train  onto  roller  guides  placed  at  appropriate  intervals  between  and  on  top  of 
the  tics  for  quick  removal  of  rollers  and  guidance  onto  the  tie  plates.  The  lail  was 
then  fastened  with  the  compression  clips,  and  "J"  holt  assemblies  with  horizontal 
shim  arrays  ever)   fifth  tie  before  moving  the  rail  train  north   igain  foi  .mother  pull. 

Horizontal  shim  arrays  were  kepi  s> letric  in  dimension  with  each  tie  plate  .,s  the 

result  of  a  prior  test  investigation  to  establish  the  I  it  8%  in<  h  gage  required  through- 
out the  LIMRV  test  trad.  The  complete  assemblj  oi  trackage  followed  before  dump* 

ing    full    ballast    cribs    and    plugs    bj    train. 
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The  ballast  was  then  tamped  with  the  Jackson  4500  Model  tamper  in  two 
1 '2-inch  raises  followed  with  the  lining  operation  performed  with  a  Fairmont  Liner 
and  light  buggy.  Several  skim  raises  were  required  to  attain  final  grade  on  the 
curved  portion.  The  Fairmont  regulator  was  used  intermittently  to  maintain  full 
ballast  sections  for  the  tamping,  lining  operations,  and  final  shaping  prior  to  stress 
adjustment   and   compaction. 

The  desired  free  stress  level  for  the  rail  was  to  be  at  80  F  ±  5  F  before  final 
securement  started.  All  compression  clips  on  one  pair  of  strings  were  loosened  before 
heating  the  rail.  Heat  was  provided  through  a  special  car  equipped  with  LPC  flame 
torches  and  shroud  and  operated  over  the  track  with  a  motor  car.  The  motor  car 
was  equipped  with  four  vibrators  applying  their  energy  to  the  rail  through  rubber 
wheels  against  the  sides  of  the  rail  heads.  This  effort  assured  free  movement  of  the 
rail  during  heating.  When  the  rail  temperature  approached  80  F,  track  crews  pro- 
ceeded to  tighten  the  compression  clips  to  the  required  template.  The  operation 
continued  in  a  sequential  manner  maintaining  a  minimum  of  one-half  the  length  of  a 
CWR  1440-ft  string  completely  free.  Appropriate  dutchmen  had  been  installed  dur- 
ing initial  rail  laying  to  accommodate  the  temperature  differentials  involved.  The 
heating  effort  was  required  throughout  the  stress  adjustment  period  as  winter  tem- 
peratures  seldom   allowed   the   rail   to   reach  80  F  without  using  the  artificial  heat. 

In  order  to  quantify  the  effort  the  FHWA  had  set  control  points  perpendicular 
to  the  center  line  of  track  at  the  joints  where  field  welding  would  occur  following 
the  final  fastening  effort.  Marks  were  placed  at  every  rail  end  where  this  control 
intersected  the  rail.  Transits  were  used  to  observe  all  rail  end  movement  and  assure 
proper  displacement  of  the  rail  ends  for  the  temperature  differentials  involved  with 
heating  die  rail  to  80  F.  This  program  also  provided  a  check  of  previously  secured 
and  welded  rail  ends  behind  the  direction  of  progress.  For  the  most  part  all  dis- 
placements observed  correlated  very  well  with  temperature  readings  taken  on  die  rail. 

In  addition  to  this  program,  mechanical  strain  readings  were  established  through- 
out the  completion  of  construction.  Strain  readings  were  taken  using  the  AAR's 
20-inch  Merry  gage  unit  at  the  ends  and  mid  points  of  every  CWR  string.  Readings 
were  taken  on  the  free  rail  before  and  after  securement.  This  study  continued  until 
the  basic  track  structure  was  completed.  Figs.  7  and  8  are  data  resulting  from  that 
program.  Additional  data  is  being  taken  this  winter  to  establish  strain  levels  for  the 
track's  first  year  of  life.  To  date  the  data  collected  shows  no  significant  changes 
from  that  data  recorded  earlier  in  March  of  1971.   (See  Figs.  9  and  10). 

The  field  welding  process  followed  closely  behind  the  final  rail  securing  crews. 
OrgOtherm  welds  were  used  for  all  field  welds.  All  field  welds  were  X-rayed  for 
acceptance  through  the  head,  web  and  both  base  flanges  from  the  top.  The  rate 
of  rejection  through  X-ray  analysis  was  about  10$  for  the  70  field  welds.  Approxi- 
mately 90%  of  the  rejects  were  in  the  access  spur. 

Compaction  of  the  ballast  was  performed  with  the  prototype  Jackson  crib  and 
shoulder  compactor.  The  main  reason  for  introducing  this  effort  was  to  supplement 
the  conditioning  of  ballast  that  normally  takes  place  under  traffic.  Prior  tests  in  the 
access  spur  indicated  that  the  frequency  of  vibration  (4500  vpm)  as  designed  for 
this  machine  was  not  satisfactory  for  the  particular  stone  gradation  and  caused 
excessive  flow  of  ballast  on  the  shoulders.  The  frequency  was  reduced  to  3600  vpm 
after  tests  to  achieve  optimum  capability  of  this  machine.  A  lower  frequency  was 
desirable  but  created  excessive  vibrations  in  the  machine.  Comparative  tests  utilized 
the  nuclear  density  gage  as  a  method  of  measurement.  Results  indicated  little  cor- 

(Text  continued  on  page  623) 
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relation   to   determine    the   compactive   end    product    since   the    nucli  data 

appeared  to  be  influenced  by  adjacent  densities  in  the  ties.  Final  recommendations 
for  optimum  compaction  were  the  result  of  visual  and  audio  inspection  through 
mosaic  pattern   in   the  stone  and   hammer  blows  to  the  ties. 

Following  compaction,  L6  passes  with  a  6-axle  360,000-lb  locomotive  were 
performed  to  key  the  ties  into  the  ballast.  During  this  effort  the  DOT'S  T-2  and 
T-4  track  measuring  cars  were  coupled  to  the  locomotive  to  gather  track  geometry 
data.  The  results  of  this  effort  are  shown  in  Fig.  11,  with  comparative  data  taken  on 
typical  100-mph  Northeast  Corridor  passenger  trackage.  These  data  were  also  used 

to   determine  excessive   deviation   locations   for  planning   the  shi ing  program   to 

achieve  final  tolerances  required.  The  data  could  not  produce  a  specific  plan,  tie  bv 
tie,  for  each  rail,  consequently  in  the  areas  of  deviation  which  were  found,  precisi 
survey  techniques  were  employed  to  prescribe  the  proper  shim  sizes  needed  to  (di- 
rect profiles  and  alignments  of  each  rail.  Results  of  the  pilot  program  are  in  Figs.  12 
and  13.  The  simple  horizontal  and  vertical  track  shim  arrangement  provides  a  means 
of  adjustment  for  track  maintenance  purposes.  It  was  evident  that  current  lining 
and  surfacing  equipment  could  not  operate  over  the  aluminum  reaction  rail. 

The  final  effort  for  completion  of  the  basic  track  structure  prior  to  aluminum 
reaction  rail  installation  was  to  perform  a  grinding  and  polishing  effort  tor  removal 
of  mill  scale  and  small  inclusions.  This  work  was  performed  with  a  Mannix  rail 
grinder.  Two  methods  of  polishing  were  used.  The  first  method  was  to  use  the  existing 
grinding  stones  and  simply  drag  them  for  several  passes  over  the  rail  with  the  grind- 
ing motors  stopped.  The  second  method  utilized  a  "flapper  wheel"  containing  strips 
of  abrasive  material  attached  to  the  operating  grinding  heads.  The  polishing  aided 
the  reduction  of  facets  associated  with  grinding  and  removed  some  mill  scale  on 
the  gage  face  of  the  rails  where  grinding  was  not  possible.  The  end  product  provided 
a  smooth  running  surface  for  the  vehicle. 

The  last  operation  of  construction  was  to  install  the  22-inch-high  aluminum 
reaction  rail  down  the  center  of  the  track.  Aluminum  tic  plates  woe  attached  to 
the  ties  with  a  single  coach  screw  and  compression  clip  on  one  side.  The  opposite 
coach  screws  and  compression  clips  were  installed  after  the  reaction  rail  was  in  plact 

The  rail  was  extruded  in  105- ft  lengths  and  hauled  to  the  track  site  on  i.nl 
buggies  following  special  machining  of  the  rail  ends  for  field  welding.  Hails  were 
elevated  on  dollies  and  fed  into  a  track  mounted  welding  house  where  the  rails 
were  welded,  utilizing  both  MIC  and  TIC  methods.  Aftei  grinding,  welds  were 
X-rayed  for  defects  and  "aged"  (annealed).  As  the  rail  was  welded  all  production 
stations  were  rolled  ahead.  Following  the  aging,  the  complete  rail  was  graduall) 
lowered  to  the  tics  over  a  length  of  about  800  ft  through  special  rail  handling  track- 
mounted    buggies   each    having    a    lower    rail    guidewaj    than    the    previous   buggy. 

Once  the  rail  was  in  place  on  the  tic  plates  the  rail  was  heated  with  ("-shaped 
electric   heaters    attached    over    the    major   vertical    portion    of    the    mil    tor   a    distance 

of  approximately   KM)  ft.  When  the  temperature  reached   I  l<>  F  it  was  aligned  and 
fastened  Brmly  on  to  the  tie  plate  through  the  compression  clips,  appropriate  shim 

nests    and    coach    scows.    It    was    desired    to    maintain    this    rail    m    tension    at    all    times. 

which  required  a  high  installation  temperature.  The  entire  system  was  quite  unique 

in    the    fact    that    all    the    work    stations    ( approximate!)    a    l000-fl    Inn-    in    alb    were 

continually  moving  down  the   track  while  the  completed  alumin rail  remained 

stationary. 

continued  <>n  pagt   ■ 
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Final  Target  Tolerance  (plus  or  minus  in 
inches)  for  Indicated  Chord  Length 

10'      31'        100'        700' 
Max.  deviation  from  vertical 


profile 

3/64 

3/32 

9/64 

1/4 

!'ax.  warped  surface 

3/64 

3/32 

9/64 

1/4 

Middle  ordinate  curves  and 
tangent 

3/64 

3/32 

9/64 

1/4 

Actual  cross  level  +  3/64  - 

Gage,  curves  and  tangent         +  1/8,-0  

Superelevation  +  3/64  

Fig.  14 

The  results  of  this  effort  will  soon  be  fully  operational.  This  past  winter  we 
experienced  several  "pull-aparts"  at  the  reaction  rail  weldments  due  to  extreme!) 
cold  temperatures.  Studies  are  currently  in  progress  to  increase  the  strength  and 
quality  of  such  welds  and  provide  suitable  repairs  tor  the  reaction  rail. 

The  FRA  is  currently  developing  under  contract  a  Track  Survej  Vehicle  t<> 
provide  a  geometric  analysis  of  the  LIMRY  track  complete  with  a  shim  program 
output  at  every  tie  location.  This  information  will  then  be  utilized  to  maintain  the 
required  track  tolerances.    ( See  Fig.   14 ) 

As  soon  as  weather  permits  an  elastomeric  polymer  adhesive  will  he  applied 
on  the  ballast  section  for  the  purpose  of  eliminating  flying  stone  at  high  LI\1H\ 
speeds,  providing  additional  lateral  track  stability  and  maintaining  a  full  ballast 
section  which  would  normally  erode  in  the  natural  environment. 

LIMRV  Track  Construction  Costs 

At  this  point  it  seems  appropriate  to  tally  up  the  track  costs  directly  related 
to  such  an  undertaking.  Too  often  we  deduce  from  such  data  False  conclusions 
without  full  knowledge  of  the  program  involved.  It  is  important  to  know  that  the 
prime  objective  of  the  program  is  to  test  the  performance  ot   a   Linear  Induction 

Motor    (LIM)    propulsion    system.   This    type   ol    propulsion,   of   course,   is   not    limited 

to  rail  vehicles  as  it  is  equallj  feasible  tor  use  in  Tracked  Vir  Cushion  Vehicles 
(TACV)  and  Magnetic  Levitated  Vehicles  i\l\<.l.l\  \t  the  time  the  1I\!I<\ 
was  being  considered,  the  practical,  timely  and  economic  factors  bore  beavil)  toward 
demanding  that  this  vehicle  be  tested  on  a  rail  guidewaj  system,  brothei  distinct 
aspect  of  being  on  rails  was  the  potential  to  investigate  the  upper  bounds  ot  high- 
speed track  structure  behavior  and  related  steel  rail  wheel  interactions  foi  which 
there  exists  little  information  that  could  be  readil)  applied  to  advanced  i  ul  vehicles. 
The  decision  to  make  the  LIMRV  a  rail  vehicle  stands  out  as  the  most  important 
decision  in  the  history  of  the  LIMRV  and.  consequently,  a  majoi  factoi  in  all  the 
decision-making  processes  forward  from  that  point  in  time.  Considerable  s.um^s  m 
time  and  monej   were  more  evidenl   il    >  somewhat  typical  railroad  structure  were 
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6.089  miles 
S/mile~~ 


I.     Materials 

Rail 

$311,344 

Ties 

254,705 

Tie  Plates 

77,280 

Drive  Spikes 

27,077 

Cut  SDikes 

- 

Shims  &  Keepers 

43,321 

Comoression  Clios 

42,148 

Ballast 

213,999 

Sub  Total 

$969,874 

II.      Construction 

Grading 

$595,483 

Track  Construction 

482,541 

♦Construction  Enqr. 

196,996 

Grindinq 

10,000 

Sub  Total 

$1,285,020 

III.     Soecial    Items 

"Reaction  Rail 

$268,516 

Fasteners,  Plates, 

etc.     168,616 

Installation 

396,357 

Sub  Total 

$833,489 

$159,282 


$  39.97 


$136,884  $  25.93 


SPUR 

3.770  miles 

J_ 

S/mile 

$176,656 
123,195 
33,936 

4,445 

20 , 386 
74,000 

$432,618 

$114,753         $  21.73 

$324,661 

281,688 

120,739 

5,000 

$732,088 

$194,188         $   36.78 

Grand  Total         $3,088,383  $507,207  $96.06  $1,164,706  $308,941  $58.51 

♦Preliminary  Engineerinq  not  included 
**Does  not  include  development  costs 


utilized.  All  track  items  with  exception  of  the  reaction  rail  were  available  as  "off 
the  shelf"  items.  The  remaining  decisions  concerning  the  track  were  simply  a  matter 
of  logically  selecting  the  track  components  suitable  within  the  defined  requirements 
associated  with  the  guideway  and  this  high-speed  vehicle.  The  end  product  of  these 
requirements  is  evident  within  the  previous  text.  Perhaps  one  might  ask  why  the 
selection  of  119-lb  rail?,  why  wood  ties?,  why  this  particular  fastener  or  fasteners, 
etc.?  The  answers  are  directly  related  to  the  immediate  availability  of  the  track 
components,  the  geometric  flexibility  required  within  the  track  and  its  components 
relative  to  the  vehicle  and  reaction  rail,  the  capability  to  use  conventional  construc- 
tion equipment,  anticipated  design  loads  and  frequencies,  and  lastly  the  costs 
involved. 

One  should  bear  in  mind  that  the  efforts  and  costs  involved  in  this  trackage 
relate  solely  to  the  LIMRV  and  do  not  imply  that  such  requirements  are  desirable 
or  even  applicable  when  considered  for  another  railroad  environment.  Consider  the 
fact  that  the  LIMRV  is  a  relatively  lightweight  vehicle  (25  tons)  and  will  likely 
never  operate  over  this  trackage  with  such  frequency  as  to  require  extensive  main- 
tenance. Should  this  track  ever  see  typical  railroad  service,  there  is  no  evidence  to 
indicate  that  it  would  perform  as  well  or  better  than  the  many  tracks  currently 
in  use. 

The  important  factors  that  can  be  extrapolated  from  this  program  reflect  where 
we  are  today  with,  presumably,  the  best  state  of  the  art  in  conventional  track 
fabrication  and  construction  techniques  with  the  potential  to  determine  cost/benefit 
relationship  for  a  particular  situation.  It  is  understood  that  the  cost/benefit  evalua- 
tion for  the  LIMRV  case  will  not  necessarily  be  the  same  value  for  example  as 
that  value   applied  to  some  given  case  on  say  a   rail  line  between  La  Junta  and 
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Pueblo,  Colo.  This  effort  has  afforded  us  the  opportunity  to  have  a  brief  glimpse 
of  some  of  the  problems  and  challenges  that  arc  ahead  in  the  process  oJ  advancing 
rail  technology  to  meel  the  demand  for  a  better  ground  transportation  network  in 
the  United  States. 

The  costs  associated  with  the  construction  of  the  (i.l  miles  of  LIMRV  test  track- 
age as  well  as  the  3.8  miles  of  access  spur  an-  tabulated  in  Table   V 


The  Kansas  Test  Track — Its  Value  to  the 
Maintenance  of  Way   Engineer 

73-638-7 

By    WILLIAM    B.    O'SULLIVAN 
General    Engineer 

Office    of    Research,    Development   and    Demonstrations 

Federal    Railroad    Administration 

Department   of   Transportation 

INTRODUCTION 

This  presentation  is  sponsored  by  Committee  1 — Roadway  and  ballast,  and 
Committee  5 — Track.  Joint  support  in  this  fashion  is  appropriate  because,  within 
certain  clearly  defined  Limits  which  will  be  apparent  in  the  following  remarks,  the 
behavior  of  several  specimen  track-ballast-roadbed  systems  will  be  closely  examined 
during  the  course  of  the  Kansas  Test  Track  program. 

There  is  now  a  body  of  literature  of  modestly  respectable  size  treating  various 
aspects  of  the  program.  These  sources  are  being  added  to  continually  and  a  current 
bibliography  appears  as  an  Appendix  to  this  text.  One  of  these  reports.  The  Kansas 
Tesi  Track,  is  a  useful,  generalized  review  of  the  proceedings  leading  from  early 
concepts  to  the  completion  of  embankment  support. 

Mention  is  made  here  of  these  sources  in  order  to  avoid  coverage  of  material 
that  has  already  been  discussed  in  other  places.  What  is  proposed  as  suitable  organ- 
ization of  this  paper  is: 

I.  a  brief  review  of  the  components  and  objectives  of  the  test  track  in  ordei 
to    establish    a    reference    frame; 

II.  an  equally  brief,  illustrated  coinmentai >  on  present  and  near-terra  future 

status; 

III.  a  series  of  observations  on  the  implications  to  the  maintenance  oi  wa\ 

engineer  of  the  Kansas  track  and  similar  proposed  installations. 

I.    Components   and    Objectives 

The  Atchison,  Topeka  c<  Santa  be  Railway  and  the  flail  Systems  Division  ol 
the  Federal  Railroad  Administration  are  co-sponsors  oi  an  in-depth  investigation 
of  rail    support    system   response   characteristics   which   has  come  t"  be  called   the 

Kansas   Tesi     Track. 

This  installation,  paralleling  the  Santa   Fe  main  line  about    in  miles  northeast 

of  Wichita,   has  as   its  major  objective  the  determination  of   relative  stability    exhibited 


Note:   Discussion  open   until  Octobei    15,    L972. 
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by  four  distinctly  differing  levels  of  train  support  system  stiffness.  Stability  in  this 
sense  is  related  to  resistance  to  both  short-term  support  deflection  under  load  and 
longer-term  degradation  from  installed  values  of  alignment,  profile  and  cross  level. 
In  the  case  of  the  short-term  effect,  reference  is  made  to  generally  elastic  response 
to  load  which,  if  excessive,  leads  to  premature  track  structure  component  failure. 
The  longer-term,  usually  irrecoverable  strains  are  those  that  eventually  require  some 
measure  of  common  restorative  work. 

The  four  structural  systems  embodying  these  separate  levels  of  guideway  stabil- 
ity are  in  order  of  descending  stiffness:  1)  three  sections,  including  a  reinforced 
concrete  slab,  continuously  reinforced  concrete  twin  beams,  and  precast,  reinforced 
concrete  twin  beams;  2)  a  segment  referred  to  as  the  stabilized  ballast  section  which 
incoiporates  standard  Santa  Fe  main  track  design  as  to  wood  tie  spacing  and  ballast 
depth  but  having  had  the  ballast  fully  treated  with  an  emulsified  elastomer  gripping 
the  ballast  particles  at  points  of  contact  in  an  elastic  manner  rather  than  imparting 
rigid  cohesiveness;  3)  four  sections  of  concrete  ties  representing  three  center-to- 
center  spacings  (30,  27  and  24  inches)  and  two  below-tie  ballast  depths  of  10  and 
15  inches;  and  4)  a  section  on  standard  Santa  Fe  main  line  track  to  serve  as  a 
control.  With  the  exception  of  the  stabilized  ballast  section,  all  test  segments  are 
800  ft  long. 

This  value  of  test  section  length  was  not  arrived  at  arbitrarily,  rather,  it  is  the 
result  of  determining  the  period  of  decay  of  major  response  to  vertical  excitation 
associated  with  a  common  50-ft  box  car.  As  the  test  track  lies  entirely  on  tangent 
track,  it  is  probable  that  strongest  discrete  vehicle  excitation  will  occur  in  the  bounce 
mode  at  die  ends  of  test  sections  where  vertical  stiffness  changes  occur  abruptly. 
The  800-ft  value  is  indeed  sufficient  to  permit  attenuation  of  unwanted  car  response 
prior  to  car  arrival  at  the  individual  test  section  instrumentation  points.  This  is  a 
traffic  direction  dependent  situation  so  most  data  will  be  collected  from  trains 
travelling  west.  Clearly  operative  in  the  definition  of  shortest  acceptable  test  section 
length  was  a  cost-benefit  analysis  leading  to  a  minimization  of  investment  funds 
devoted  to  construction. 

The  ultimate  purposes  assigned  to  each  test  segment  are  the  revelation  of  the 
rate  at  which  profile,  alignment  and  cross  level  degrades  under  the  influence  of  die 
50  mgt  annual  traffic  forecast  for  this  line  by  the  Santa  Fe  and  the  nature  and 
frequency  of  restorative  work  requirement.  From  the  data  collected  it  will  be  possible 
to  relate: 

1.  initial    costs    of    installation    (corrected    to    reflect   large-scale   construction 
costs ) ; 

2.  rate  at  which  degradation  occurs; 

3.  costs  of  restorative  efforts; 

for  each  structural  support  system  in  a  comparative  sense,  one  with  anodier  and 
with  the  control  section.  In  a  very  real  way  the  cost-benefit  relationship  of  eight 
incrementally  improved  train  support  systems  will  be  clearly  defined. 

In  order  to  acquire  the  data  essential  to  valid  test  section  performance  eval- 
uation, reliance  is  placed  on  extensive  instrumentation  of  the  supporting  embank- 
ment and  test  sections.  Additionally,  great  care  has  been  expended  to  produce  a  soil 
foundation  that  will  be  reasonably  uniform  in  its  characteristic  response  to  load 
throughout  the  complete  tangent  lengdi  of  8000  ft.  Native  materials  of  an  entirely 
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cohesive  nature  were  employed  under  the  most  rigorous  control  <>!  isture  content 

and  density  consistent  with  a  construction  project  of  tins  size. 

In  the  interest  of  construction  economy  and  foreseeing  no  compromise  oi 
methodology,  the  decision  was  made  to  treat  the  How  of  traffic  as  unidirectiona] 
for  the  purpose  of  data  collection.  As  mentioned  earlier,  data  already  available 
indicated  a  bigh  probability  that  vehicle  response  to  test  section  perturbation  would 
be  free  of  undesirable  transient  influence  prior  to  passing  the  600  ft  location.  Because 
of  a  slight  but  favorable  descending  grade',  westerly,  the  location  of  major  instru- 
mentation for  all  but  one  test  section  was  established  at  the  600-ft  point,  westbound, 
of  eight  test  sections.  Due  to  longitudinal  space  constraint,  the  position  of  main 
instrumentation  for  the  stabilized  ballast  section  is  somewhat  less  than  800  ft  from 
the  easterly  end-of-test-section.  Since  it  was  necessary  to  foreshorten  one  test  section 
to  avoid  excessive  construction  costs,  the  stabilized  ballast  test  was  chosen.  This 
decision  was  dictated  by  the  facts*Jthat  we  already  have  some  understanding  from 
laboratory  tests  of  die  contribution  to  retention  of  track  stability  of  ballast  treated 
in  this  manner  (see  Reference  5,  Appendix).  But,  there  is  no  information  available 
on  how  a  ballast  section  conditioned  by  this  specific  butadiene  styrene  co-polymer 
will  react  to  environmental  extremes.  Or,  for  that  matter,  to  exposure  over  die  long 
term  to  the  higher  frequency  vibrations  between  100  and  1000  hz. 

In  summary  description,  the  instrumentation  for  each  of  the  nine  test  sections 
is  approximately  similar  and  is  comprised  of: 

1.  in  die  embankment — 

a.  vertical  and  lateral  extensometers  to  determine  soil  strains  consequent 
to  stress  application, 

b.  moisture  and  temperature  sensors, 

c.  loadcells    (at  various  depths   and   at   the   ballast   interfac< 

2.  in  the  track  structure — 

a.  rail  and  tie  strain  gages, 

b.  rail  and  tie  accelerometers, 

c.  rail  and  tie  displacement  transducers, 

d.  tie-ballast  interface  pressure  sensors  embodied  in  the  unique  load-cell 
tie  developed  for  this  project  by  the  Cement  and  Concrete  Institute 
of  the  Portland  Cement  Association, 

e.  rail  bearing  load  sensors  either  as  part  of  the  load-cell  ties  or,  in  the 
case  of  the  rigid  support  systems,  as  a  vertical  and  lateral  load  sensing 
element  supporting  a  fastener. 

From  these  matrices  of  instrumentation  in  each  test  section  will  come  tin    data 
that  will  permit  an  understanding  of  track  structure  component  behavior,  Compre 
fiending  structural  component  response  to  excitation  leads  to  more  clearly  perceiving 
individual   contributions   to  overall   performance.    For  example,   it   would   be  useful 
to   know,   with   a   given   ballast    depth,   whether  concrete   tics   .it   30-inch  spacing, 

center    to    center,    tend    to   ovcrstress    the    soil    support.    Further,    as    another   evunple. 

are  there  certain  vibrational  frequencies  in  the  .spectrum  0  to  L000  hz  that,  if 
undamped,  promote  early  concrete  support  failure  in  the  region  of  the  rail  fastener 
or  accelerated  degradation  of  ballast  support  Another  problem,  foi  which  i  partial 
solution  is  expected  from  the  determination  ol  actual  work  performed  bj  instru- 
mented  reinforcing  bars,  is,  what  design  oi  concrete  -lib  or  beam  support  is  most 
economical? 
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Fig.  1 


There  are  a  large  number  of  questions  of  concern  to  the  members  of  Commit- 
tees 1  and  5  and  a  large  sector  of  the  Association  as  a  whole  that  will  be  attacked 
through  the  investigations  associated  with  the  Kansas  Test  Track  and  allied  projects 
elsewhere. 


II.    Present  and    Near-Term   Future   Status 

Now,  having  established  die  general  configuration  of  the  test  track  and  con- 
sidered the  approach  to  instrumentation  it  would  be  advantageous  to  observe  some 
illustrative  detail  of  the  individual  test  sections  and,  to  some  extent,  associated 
instrumentation. 

Fig.  1  is  a  general  view  of  the  embankment  prior  to  distribution  of  typical 
Santa  Fe  slag  ballast.  Crushed  slag  in  a  gradation  commonly  employed  by  the  rail- 
road is  being  employed  as  ballast  for  all  cross-tied  sections  and  as  bedding  material 
for  the  three  concrete  support  systems.  The  dark  hue  of  the  upper  embankment 
surface  derives  from  the  application  of  a  cutback  asphalt  treatment  to  provide  a 
measure  of  waterproofing.  The  entire  test  region,  including  track  through  cuts,  rests 
on  embankment  varying  in  height  between  6  and  9  ft. 

The  600-ft  location  of  each  section,  as  described  earlier,  will  be  die  site  of 
major  instrumentation  arrays  for  entire  support  system.  There  will  be  satellite 
installations  elsewhere   in  each  section,   but  their  function  is  mainly  corroborative. 

Essentially,  the  embankment  instrumentations  consists  of  vertical  and  hori- 
zontal extensonieters  supplemented  by  subordinate  load  cells,  temperature  and  mois- 
ture sensors  and,  in  the  future,  accelerometers.  The  vertical  extensonieters  are  simply 
anchor  and  rod  arrangements  attached  to  LVDT's  to  quantify  eardi  strain. 

Fig.  2  shows  the  distribution  of  concrete  ties — in  diis  case,  for  die  30-inch, 
center  to  center  test  section.  Gerwick  RT-7  ties,  manufactured  in  accordance  with 
the  Preliminary  Performance  Specifications  published  in  Bulletin  634  of  the  AREA, 
were  selected  for  this  project.  This  decision  was  reached  because  the  Ben  C.  Ger- 
wick Company  operates  the  only  long-bed  production  process  of  which  we  are  aware. 


Address  by  William  B.  O'Sullivan 


Fig.  2 


This  procedure  guarantees  a  relatively  narrow  band  of  quality  variability.  Constricted 
limitations  on  quality  variation  are  essential  for  the  following  reason.  A  determina- 
tion of  the  characteristics  to  be  simulated  by  die  load  cell  tie  are  acquired  through 
testing  of  a  limited  number  of  production  ties.  If  the  potential  of  wide  variability 
is  inherent  in  the  production  process,  it  would  be  difficult  to  know  what  position. 
within   this   range   of   variation,   the   specimen   production    ties    actually    represented. 

Fig.  3  depicts  the  installation  of  the  initial  6-inch  stabilized  ballast  layer  on 
the  embankment.  This  layer  is  first  compacted  by  roller,  then  sprayed  with  a  solu- 
tion of  agricultural  ammonia  (Mi, OH)  and,  while  the  ammonia  is  still  present  in 
the  form  of  menisci  at  the  points  of  contact  of  the  ballasl  particles,  followed  witli 
an  application  of  the  elastomer  emulsion.  This  sequence  is  Decessar)  so  that  the 
ammonia  can  cause  the  emulsion  to  break,  depositing  the  elastomer  as  a  binder  at 
the  points  of  particle  contact.  It  can  be  seen  that  this  supplies  a  ballast  section  with 
substantially  the  same  void  ratio  existing  prior  to  treatment. 

Wood  cross  ties  will  be  placed  on  this  layei  of  treated  ballast,  additional  slag 
ballast  placed  and  the  track  raised  and  tamped  to  provide  the  Santa  l,  standard  ol 
10  inches  of  ballast  beneath  the  ties.  At  this  point  further  treatment  ol  the  new 
ballast    material,    including   that   beneath    the    ties,    will    be    undertaken.     This    is   not 
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necessarily  the  procedure  that  may  be  required  in  the  future  should  this  method  of 
improving  track  stability  prove  as  favorable  as  lab  tests  suggest.  Obviously,  the 
region  beneath  the  tie  is  difficult  to  access.  Our  reason  for  insisting  on  this  complete 
treatment  is  to  reproduce  in  the  field,  insofar  as  possible,  test  conditions  that  existed 
in  the  laboratory. 

Figs.  4  and  5  exhibit  the  nature  and  extent  of  instrumentation  associated  with 
the  reinforced  concrete  slab  and  beam  test  sections. 

III.    Implications    to   the    Maintenance    of    Way    Engineer 

Now,    this    lias    been    an    extremely   compressed    presentation    ot    what    is.    in    tact. 

a  rather  complex  project.  Nevertheless,  it  has  offered  some  understanding  of  what 
is  required  to  carry  out  a  track-associated  research  project  which  has.  essentially, 
a  modest  scope.  No  one  is  convinced  that  the  Kansas  Test  Track  project  is  other 
than  a   substantial   step   in   a   long  journey.    If  test   results   are  persuasive,   the  tangent 

track  phase  in  Kansas  can  lead  to  another  phase  involving  curved  track  specificall) 
directed  toward  further  understanding  of  rigid  support  s\steni  behavior.  In  the  mean- 
while, other  research  activities  will  be  underway  at  the  I  huh  Spied  Ground  Tesl 
Center  at  Pueblo   and  elsewhere. 

The   Rail  Systems   Division  ot    FRA   will   soon   sponsor  an  exhaustive  enquirj 
directed    toward    the    determination    oi    the    stability    limits   ot    conventional    track 

designs.  Foi  example,  given  a  certain  configuration  of  rail.  ties,  ballast  and  founda- 
tion   stillness:    what    iiiaximalK     can    be    expected    b>    wa\    ot    performance    from    this 

specimen,  considering  the  static  and  dynamic  loads  likelj  to  be  applied  now  and 
in  the  future'?  Further  questions  would  be:  what,  if  anything,  can  be  done  to  enhance 
the  performance  of  various  designs  of  contemporarj  track  and  what  are  tin'  economics 
of  such  improvements? 

Discussions   have   been   held   with    members   oi    Committee    I    on    the   ballast 

dependent    aspeets    of    this    project.    The    whole   thrusl    "t    the    program    is   closel)    allied 

with  concerns  of  the  \\M  Research  (inter.  So.  il  is  evident  thai  the  function  oi  the 
Hail  Systems  Division  is  not  carried  out  in  the  absence  of  counsel  with  the  Industry. 
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What,  then,  does  all  this  ferment  portend  for  the  maintenance  of  way  engineer, 
that  harried  individual  who  must  make  do,  in  all  too  many  cases,  with  an  inade- 
quate slice  of  an  insufficient  pie?  Well,  there  are  no  marvelous  panaceas  in  view 
that  will  totally  relieve  the  situation  of  all  stress.  Maintenance  of  railroad  plant  is  a 
difficult  business  at  best.  But,  there  is  some  encouragement  available  in  regarding 
the  implication  of  current  and  scheduled  research  activity.  The  general  statement 
most  descriptive  of  the  outcome  of  all  these  ventures  is  that  rational  understanding 
will  replace  large  sectors  of  presently  intuitive  insight. 

What  does  this  mean  for  the  maintenance  of  way  engineer?  For  one  thing, 
it  means  that  he  will  be  able  to  represent  to  his  management  in  fairly  concrete  terms 
the  actual  cost  of  specific  traffic  pattern  decisions,  either  as  heavy  wheel  loads  or 
cumulative  tonnage,  expressed  in  terms  of  attributable  track  deterioration.  At  this 
moment,  it  seems  probable  that,  within  a  few  years,  information  will  be  available 
on  the: 

•  effect  of  rail  wear,  tie  condition,  and  tie  spacing  on  degradation  of  track 
geometry; 

•  role  of  rail  stiffness,  when  corellated  with  other  track  design  factors,  in 
resisting  excessive  track  deflection; 

•  influence  of  the  geometric  characteristics  of  ballast  particles  on  retention 
of  track  stability; 

•  circumstances  minimally  essentially  for  confident  containment  of  CWR 
track; 

•  contribution  of  concrete  ties  to  a  level  of  track  performance  superior  to 
that  possible  with  wood  ties; 

•  effectiveness  and  potential  for  improvement  of  current  ballast  tamping 
procedures; 

•  stress  penalties  associated  with  various  errors  in  track  geometry; 

•  techniques  for  high  speed  track  inspection,  not  necessarily  restricted  to 
geometry,  and  consequent  data  presentation  in  most  useful  formats; 

•  types  of  rail  vehicles  or  vehicle  suspensions  most  damaging  to  track  sup- 
port; 

•  feasibility  of  attempting  to  sustain  a  moderate  to  heavy  density,  really 
high  speed  train  service  (150-200  mph)  over  guideways  relying  on  cross- 
ties  of  any  nature; 

•  economics  of  persisting  with  certain  courses  or  adopting  modification. 

This  is  by  no  means  a  comprehensive  list.  But,  it  does  touch  on  many  areas 
of  concern  largely  illuminated  by  intuition  today. 

The  next  several  years  must  inevitably  witness  continued  acceleration  of  the 
present  resurgence  evident  in  railroad  research.  To  the  maintenance  of  way  engineer, 
as  well  as  to  vehicle  maintenance  and  operations  personnel,  will  accrue  equal  shares 
of  the  fruitful  outcome.  It  will  not  be  inconsequential. 
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Committee    1 — Roadway  and   Ballast 

Remarks    by    Chairman    M.    B.    Hansen 

Assistant    Engineer    Location    and    Construction, 

Canadian    National    Railways 

The  annual  report  of  Committee  1  is  published  in  Bulletin  636,  January- 
February  1972,  pages  417-442.  Its  Manual  recommendations  are  in   Bulletin  635, 

November-December  1971,  pages  143-149. 

The  objective  of  Committee  1  is  to  gather,  develop  and  disseminate  engineering 
knowledge  with  respect  to  the  foundation  on  which  the  track  structure  rests,  me 
structures  and  utilities  that  pass  through  it,  the  drainage  and  maintenance  of  the 
right-of-way  and  the  methods  of  increasing  tunnel  clearances. 

During  the  past  year  your  committee  held  three  meetings — two  one-da)    meel 
ings    in   Chicago   and   one   two-day   meeting   in    Huntington.    \V.    Va.    At   the   later 
meeting  the  committee  also  had  the  opportunity  of  inspecting  the  Wolf  Creek  Branch 
of  the  Norfolk  &  Western  Railway  during  its  construction  stage. 

Your  committee  has  been  actively  engaged  in  revising  Farts  1,  3,  4  and  9  of 
Chapter  1  of  the  Manual  and  has  prepared  reports  for  publication. 

Subcommittee  3 — Natural  Waterways,  has  completely  rewritten  that  portion 
of  Chapter  1,  Part  3,  for  determining  the  quantity  of  drainage  and  has  recommended 
that  it  be  published  in  the  Manual.  The  committee  is  continuing  with  the  revision 
of  Part  3.  Editorial  changes  have  been  suggested  and  these  are  being  given  careful 
consideration. 

Subcommittee  4  is  now  called  "Culverts  and  Drainage  Pipe."  The  new  name 
more  aptly  describes  its  work.  This  subcommittee  (working  in  collaboration  with 
Committee  15)  has  submitted  a  progress  report  as  information  or  "Specifications 
for  Steel  Tunnel  Liner  Plates." 

Subcommittee  8 — Tunnel  Clearance,  will  be  developing  a  report  on  "Methods 
to  Improve  Tunnel  Clearances"  and  present  it  to  the  full  committee  during  the 
coming  year  for  review  as  to  its  usefulness  for  Manual   material. 

Subcommittee  9 — Vegetation  Control,  under  the  chairmanship  of  II.  C.  \k  h- 
deacon  has  been  very  active  during  the  past  year  in  assembling  data  on  current 
railroad  practice  for  the  control  of  vegetation.  Charts  on  the  "Susceptibilit)  ol  Wood) 
Species  to  Broadcast  or  Selective  Herbicide  Treatments"  have  been  submitted  as 
information.  The  committee  is  continung  to  assemble  this  type  oJ  data  and  expects 
to  have  further  information  for  publication  in  the  next  Bulletin. 

[Chairman  Hansen  than  introduced  the  speaker  for  the  special  feature  sponsored 
jointly  by  Committees  1  and  5 — W.  B.  O'Sullivan,  general  engineer,  Office  of  Re- 
search, Development  and  Demonstrations,  Federal  Railroad  Adininistiation.  who 
spoke  on  "The  Kansas  Test  Track — Its  Value  to  the  Maintenance  ol  Wa)  Engineei    I 


Committee  3 — Ties  and  Wood  Preservation 

Remarks    by    Chairman    W.    F.    Arksey 
Engineer   Environmental    Control,    Burlington    Northern,    Inc. 

Committee  3  is  charged  with  advancement  in  design  <>l  ties  and  the  preservative 
treatment  of  wood  products  primarily  used  in  ties  and  timber  structures.  Ii  reports 
on   latest   developments   in  wood   preservation  and   presents  standard  specifications 

for  preservatives   and    their   use. 
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During  the  past  year,  your  committee  has  continued  to  work  on  revision  of  the 
Manual,  combining  Chapters  3  and  17  into  one  chapter.  We  had  expected  to  have 
it  ready  for  inclusion  in  this  year's  Manual  material,  but  will  have  to  carry  it  on 
this  coming  year. 

The  Annual  Tie  Renewal  Statistics  were  reported  in  Bulletin  633,  June-July 
1971.  Renewals  in  1970  averaged  60  per  mile,  continuing  the  gradual  upswing  in 
renewals  begun  in  1962. 

The  committee  again  cooperated  in  a  field  trip  with  the  Research  and  Develop- 
ment Committee  of  the  Railway  Tie  Association.  The  High  Speed  Ground  Test 
Center  at  Pueblo,  Colo.,  was  visited.  We  saw  two  track  sections,  one  6.2  miles 
long  for  use  in  testing  a  Linear  Induction  Motor  (LIM)  propulsion  system,  and  an- 
other for  testing  mass  transit  equipment.  Many  innovations  in  track  work  and 
in  tie  standards  were  observed.  A  demonstration  run  of  the  LIM  was  made  for  us. 

As  this  is  my  last  year  as  chairman  of  Committee  3,  I  would  like  to  express 
my  appreciation  to  the  officers  of  AREA  and  to  the  members  of  my  committee  for 
the  assistance  they  have  given  me  these  past  three  years.  My  successor  will  be 
George  Way,  research  engineer — engineering  research  projects,  for  the  C&O  Ry.- 
B&O  RR.  He  is  well  known  to  most  of  you,  being  now  the  chairman  of  the  AREA 
Special  Committee  on  Concrete  Ties.  C.  P.  Bird,  system  chief  forest  products  in- 
spector, Canadian  Pacific  Limited,  has  agreed  to  serve  as  vice  chairman  for  the  next 
three  years. 


Committee  4 — Rail 

Remarks   by   Chairman    T.    B.    Hutcheson 

Assistant   Vice    President— Engineering    and    Maintenance   of   Way, 

Seaboard    Coast   Line    Railroad 

The  report  of  Committee  4 — Rail  is  published  in  two  Bulletins.  Bulletin  634, 
September-October  1971,  beginning  on  page  1,  covers  a  report  in  two  parts  on 
rails  rolled  from  strand-cast  steel  at  the  mill  of  The  Algoma  Steel  Corporation  at 
Sault  Ste.  Marie,  Ont.  The  principal  report  of  the  committee's  work  is  found  in 
Bulletin  636,  January-February  1972.  beginning  on  page  275. 

In  1971  the  Rail  Committee  continued  its  program  of  visiting  plants  of  major 
rail  producers.  A  visit  was  arranged  through  the  American  Iron  and  Steel  Institute's 
Technical  Committee  on  Rails  and  Joint  Bars  with  The  Algoma  Steel  Corporation 
to  visit  its  mill  at  Sault  Ste.  Marie  in  July  1971.  The  Algoma  Steel  Corporation  has 
done  pioneer  work  in  the  strand  casting  of  steel  into  billets  of  a  size  suitable  for 
rolling  into  standard  tee  rails  for  railway  use.  During  its  visit  the  committee  was 
given  an  opportunity  to  view  the  strand-casting  device  in  operation  and  to  view  the 
operation  of  primary  steel  manufacturing  facilities  using  the  basic  oxygen  process. 
The  discussions  of  these  processes  prior  to  and  during  the  plant  inspection  were 
quite  helpful  to  the  committee  in  its  continuing  program  involving  exchange  of 
ideas  with  the  AISI  Technical  Committee.  The  committee  wishes  to  express  its 
appreciation  to  The  Algoma  Steel  Corporation  for  a  most  informative  visit  to  its 
plant,  for  its  assistance  in  providing  an  informative  report  on  rails  rolled  from 
strand-cast  steel,  and  for  its  gracious  hospitality  to  the  committee  while  at  Sault 
Ste.  Marie. 

V.  E.  Hall,  office  engineer  of  the  Atchison,  Topeka  &  Santa  Fe  Railway,  is 
chairman  of  Subcommittee  B — Revision  of  Manual.  The  subcommittee  has  prepared 
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a  brief  progress  report  on  its  work,  relating  particularly  to  the  problems  "1  rail 
srraightness,  twists,  and  end  conditions  as  the)  affed  rail  welding  plants.  ' 1 1 1 i -.  work- 
is  a  joint  effort  with  Committee  31  and  the  AISI  Technical  Committee  on  Kails  and 
Joint  Bars. 

The  work  of  Subcommittee  2  is  under  the  direction  of  the  committee  chairman. 
During  the  past  year  this  subcommittee  has  continued  its  interaction  with  the  AIM 

Technical  Committee  on  Rails  and  Joint  Bars.  The  subcommittee  reports  on  its  visit 
to  tlie  rail  producing  facilities  of  The  Algoma  Steel  Corporation.  It  submits  a 
progress  report  on  its  study  of  obtaining  rails  longer  than  39  ft.  There  is  a  brief 
report  on  other  collaboration  with  the  AISI  Technical  Committee.  The  subcom- 
mittee's report  includes  two  investigations  of  failed  rails,  undertaken  b)  the  AAR 
Research  Department  and  selected  for  reporting  by  the  Department  as  being  of 
special  interest  due  to  the  nature  of  the  failures. 

Particular  attention  is  invited  to  the  two  reports  published  in  Bulletin  f> 34, 
beginning  on  page  1.  These  reports,  furnished  by  The  Algoma  Central  Railroad  and 
The  Algoma  Steel  Corporation,  are  of  interest  since  they  represent  early  work  in  the 
development  of  steel  rails  produced  from  strand-cast  steel. 

R.  F.  Bush,  chief  engineer  of  the  Erie  Lackawanna  and  the  Delaware  6<  Hudson 
Railways,  is  chairman  of  Subcommittee  3 — Rail  Failure  Statistics.  There  is  no  report 
for  this  subcommittee.  During  the  year  the  subcommittee  has  been  working  with  the 
AAR  Research  Department  in  an  attempt  to  determine  it  the  work  of  preparing  these 
statistics  meets  a  real  need  in  the  industry.  If  such  a  need  is  found,  the  subcom- 
mittee will  determine,  first,  the  commitment  of  the  AAR  Member  Roads  to  furnish 
such  statistics  and,  second,  the  form  in  which  they  should  be  reported. 

R.    C.    Postels,    assistant    chief    engineer — staff    of    the    Soo    Line    Railroad,    is 

chairman  of  Subcommittee  4 — Rail  End  Batter:  Causes  and  Remedies.  This  sub- 
committee has  no  report  for  this  year  and  is  continuing  its  investigation  of  its 
assigned  subject. 

\V.  J.  Cruse,  assistant  chief  engineer — staff  of  the  Chicago,  Rock  Island  c\ 
Pacific  Railroad,  during  the  past  year,  was  selected  as  chairman  of  Subcommittee 
5 — Rail  Chemistry.  The  subcommittee  has  held  meetings  with  the  AAR  Research 
Department  for  the  purpose  of  reviewing  past  work  in  its  assigend  subject  and  to 
determine  the  direction  that  its  efforts  should  take. 

R.  M.  Brown,  chief  engineer  of  the  Union  Pacific  Railroad,  and  president-elect 
of  your  Association,  is  chairman  of  Subcommittee  6 — Joint  Bars.  Mr.  Brown  and  his 
subcommittee  have  prepared  an  interesting  report  of  service  tests  on  insulated  joints 
of  various  design  and  manufacture.  The  report  also  deals  with  glue  techniques  in 
joint  applications  and  with  the  use  of  high-strength  fasteners  with  both  conventional 
and  insulated  rail  joints.  During  the  year  the  subcommittee  has  recognized  the  need 
for  further  study,  research,  and  testing  on  rail  joints  which  conned  long  strings  of 
continuous  welded  rail.  The  subcommittee  has  ben  requested,  working  with  the 

AAR  Research  Department,  to  direct  its  attention  to  a  source  ot  funding  fa  such 
work. 

S.  H.   Barlow,  director  maintenance  planning  for  the   Burlington   North 
chairman  ot  Subcommittee  7 — Metallurgical  Effect  ot  Kail  Cropping  Methods.  The 
subcommittee  lias  no  report  tor  this  year.  During  the  coming  year  die  subcommittee 
will  review    its  past   work  and   then  prepare    i   final   report,  including  an)    Manual 
recommendations   which   ma)    evolve  from   its   investigation. 
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C.  F.  Parvin,  regional  engineer — maintenance  of  way  for  the  Penn  Central 
Transportation  Company,  is  chairman  of  Subcommittee  8 — Causes  of  Shelly  Spots 
and  Head  Checks  in  Rail.  A  report  is  submitted  in  two  parts  as  information.  Part  I 
covers  an  investigation  of  132-lb  rail  rolled  from  vacuum  degassed  steel  and  laid  on 
the  Norfolk  &  Western  Railway.  The  investigation  is  to  determine  whether  rails 
made  from  vacuum  degassed  steel  and  air  cooled  are  comparable  in  properties 
with  rails  produced  by  current  common  practices.  The  report  covers  the  manu- 
facturing process,  description  of  the  test,  laboratory,  metallurgical,  and  chemical 
tests  on  the  finished  steel,  and  rolling  load  tests.  Part  II  of  the  report  covers  field 
testing  of  the  rails  in  service  on  the  Norfolk  &  Western  Railway  and  includes  wear 
measurements  to  August  1971.  The  investigations  were  made  at  the  request  of  the 
Norfolk  &  Western  Railway  by  the  AAR  Research  Department.  Committee  4  is 
indebted  to  the  Norfolk  &  Western  and  to  the  AAR  Research  Department  for  sharing 
with  it  this  interesting  work  with  vacuum  degassed  steel,  and  hopes  to  watch  the 
field  tests  with  much  interest. 

E.  H.  Waring,  chief  engineer  of  the  Denver  &  Rio  Grande  Western  Railroad, 
is  chairman  of  Subcommittee  9 — Standardization  of  Rail  Sections.  This  subcom- 
mittee has  published  a  report  of  rails  rolled  and  shipped  by  Canadian  and  United 
States  rail  mills  during  1970.  It  is  to  be  noted  that  a  total  of  87.6  per  cent  of  the 
total  rail  shipped  to  North  American  roads  was  rolled  in  AREA  recommended 
sections. 

W.  T.  Hammond,  retired  director — high  speed  ground  transportation  engineer- 
ing, Penn  Central  Transportation  Company,  is  chairman  of  Subcommittee  10 — Effect 
of  Heavy  Wheel  Loads  on  Rail.  The  work  of  this  subcommittee  is  dependent  on  rail 
failure  statistics  to  develop  a  meaningful  report;  therefore,  it  has  no  report  for 
this  year. 


Committee  6 — Buildings 

Remarks    by   Chariman    D.    A.    Bessey 
Assistant'   Architect,    Chicago,    Milwaukee,    St.    Paul    &    Pacific    Railroad 

Since  1969  your  Committee  6  has  devoted  a  considerable  amount  of  time  to 
three  subjects:  TOFC/COFC  Facilities,  Diesel  Shop  Design  and  Spot  Car  Repair 
Shop  Design.  Reports  on  these  three  subjects  are  to  be  submitted  for  inclusion  in 
the  Manual.  I  would  like  to  briefly  outline  their  status. 

Subcommittee  1:  TOFC/COFC  Facilities  Design  Criteria  (G.  J.  Chamraz,  Chairman) 
This  subject  has  now  been  completed  and  is  being  prepared  for  ballot  vote. 
The  subject  of  "Piggyback"  facilities  has  been  around  for  a  long  time.  Reports  for 
information  have  been  submitted  over  the  years  as  this  facet  of  railroading  was 
being  developed.  This  report,  which  will  become  Manual  material,  covers  all  the 
specific  aspects  of  TOFC/COFC  facilities,  such  as  loading  ramps,  mechanical 
devices,  specific  design  data  in  connection  with  types  of  paving,  thickness  of 
paving  and  size  of  various  maneuvering  areas.  This  is  not  a  general  report,  but  a 
very  comprehensive  tabulation  of  specific  design  criteria,  which  we  hope  will  be 
very  helpful  in  the  design  of  TOFC/COFC  facilities  in  the  future. 

Subcommittee  3:  Diesel  Sliop  Design  Criteria  (A.  R.  Gualtieri,  Chairman) 

The  existing  Manual  material  on  this  subject  was  published  and  inserted  in 
the  Manual  in   1955.   Over  the  years,  it  has  been  one  of  the  most  extensively  used 
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sections  in  Chapter  6.  The  design  criteria  and  general  information  has  been  widely 
used  by  the  railroad  industry  as  well  as  engineering  firms  and  other  industries 
outside  of  the  railroad.  The  Diesel  Shop  Design  Criteria  being  prepared  is  based 
on  the  original  Manual  material  updated  to  utilize  present-day  innovations  and  to 
meet  current  requirements.  It  is  hoped  that  all  work  on  this  subject  will  be  com- 
pleted in  1972. 

Subcommittee  4:  Spot  Car  Repair  Shops  Design  Criteria  (T.  II.  Seep,  Chairman) 
After  3  years,  work  on  this  subject  has  been  completed  and  the  material  is 
presently  being  prepared  for  ballot  vote.  A  considerable  amount  of  work  and  re- 
search has  gone  into  the  development  of  this  material  which,  in  its  finished  form,  is 
much  more  than  merely  a  general  report  on  this  type  of  a  facility.  It  deals  in 
specifics  such  as  Building  Design,  Structural  Systems,  Space  Requirements,  Specific- 
Clearances,  Special  Utilities  and  outlines  in  detail  the  various  types  of  jacks,  hoists 
and  car  moving  equipment. 

It  has  taken  a  long  time  to  complete  these  three  subjects.  This  is  due  in  part 
to  the  decision  by  your  Committee  6  that  these  subjects  were  to  be  as  complete 
as  possible,  spelling  out  the  specific  information,  such  as  recommended  thickness 
of  paving,  track  spacings,  door  openings  and  all  other  aspects  of  the  design  involved 
in  the  various  subjects.  The  inability  to  complete  these  subjects  sooner  is  also  due 
to  small  attendance  at  committee  meetings.  These  subjects  are  being  developed 
by  the  committee  at  large  in  workshop  sessions  and  the  inability  of  subcommittee 
chairmen  and  committee  members  to  attend  meetings  has  prolonged  the  preparation 
of  this  material. 

The  status  of  the  balance  of  our  assignments  are  outlined  in  Bulletin  636.  I 
would  like  to  discuss  these  subjects  briefly. 

Subcommittee  B:  Revision  of  Manual 

This  has  been  a  very  active  subcommittee  over  the  last  few  years  under  the 
leadership  of  W.  C.  Sturm.  This  subcommittee  has  been  resurrecting  reports  previ- 
ously submitted  for  information  and  determining  the  feasibility  of  upgrading  this 
material  for  the  Manual.  This  subcommittee  is  presently  involved  in  reviewing 
material  dealing  with  "Railroad  Passenger  Stations"  and  "Pre-Fabricated  Build- 
ings." It  is  hoped  that  some  of  this  material  will  be  finalized  in  1972. 

Subcommittee  5:  In-Floor  Conveyor  Systems  (D.  F.  Logan,  Chairman) 

A  very  complete  draft  has  been  prepared  by  the  subcommittee  and  will  be 
a  subject  of  discussion  at  our  June  meeting. 

Subcommittee  6:  Computer  Room  Design  (R.  J.   Martens,   Chairman)  and 
Subcommittee  7:  Pneumatic  Tube  (II.  R.  Ilclker,  Chairman) 

There  is  nothing  to  report  at  this  time  on  these  two  assignments;  however  some 
preliminary  work  is  underway. 

Subcommittee  8:   Portalde   Buildings  (P.   W.   Peterson,   Chairman) 

Mr.  Peterson  and  his  subcommittee  have  prepared  a  verj  extensive  outline  of 
this  subject  and  this,  too,  will  be  pursued   further  at  our  June  meeting. 

At  the  close  of  another  year,  I  am  grateful  to  the  man)  individuals  who  have 
contributed  much  to  the  success  of  Committee  6,  bui  first  and  foremost  I  would 
like  to  say  thank  you  to  Committee  8  members  who  have  devoted  much  time  and 
effort  to  the  preparation  of  tin's  material  that  I  have  jusi  outlined.  The  Association 
lias  changed   the  format   ol   the  Manual  and  we  ha\ e  changed  the  procedure  tor 
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developing  material  for  that  Manual.  It  is  no  longer  a  situation  whereby  a  sub- 
committee chairman  and  subcommittee  members  are  appointed,  elected  or  drafted — 
which  ever  the  case  may  be — and  then  after  a  period  of  time  this  subcommittee 
chairman  proceeds,  under  duress,  to  prepare  a  report  or  document  to  be  reviewed 
by  the  committee.  Our  present  procedure  consists  of  the  subcommittee  preparing 
a  draft  of  the  subject,  and  through  the  mechanics  of  a  workshop,  the  subject  is 
developed  by  the  entire  committee.  This  process  may  possibly  take  longer  to  develop 
the  assignment;  however,  the  end  result  is  a  composite  of  the  thoughts  and  knowl- 
edge of  20  or  30  people  instead  of  a  single  subcommittee  chairman. 

In  spite  of  the  problems  in  connection  with  committee  membership  and  com- 
mittee attendance,  we  feel  there  have  been  some  accomplishments.  Three  main 
subjects  will  be  concluded  this  year  and  process  is  underway  on  the  new  assignments. 

I  would  like  to  extend  my  appreciation  to  F.  D.  Day,  vice  chairman,  and  to 
O.  C.  Denz,  secretary,  of  Committee  6.  Mr.  Day  accepted  the  position  of  vice 
chairman  last  year  after  the  resignation  of  C.  R.  Madeley.  Mr.  Denz  has  been  sec- 
retary for  a  number  of  years  and  not  only  transcribes  the  minutes  of  the  meetings, 
but  carries  out  secretarial  duties  of  Committee  6  throughout  the  year. 

I  made  a  request  at  last  years'  convention  asking  the  members  of  the  Asso- 
ciation to  keep  us  advised  of  subjects  pertaining  to  buildings  and  related  facilities. 
I  was  pleasantly  surprised  to  receive  some  letters  during  the  year  with  some  sug- 
gestions for  subjects  and  comments  on  some  of  the  current  assignments.  I  would 
like  to  say  again  that  we  sincerely  solicit  your  assistance,  suggestions  and  com- 
ments in  regard  to  the  current  assignments  or  any  future  topics  that  may  be  pursued. 

It  is  with  deep  regret  that  we  announce  the  death  of  J.  A.  Penner,  architectural 
engineer,  Penn  Central  Transportation  Company.  Joe  passed  away  on  August  11, 
1971.  Joe  was  in  his  early  30's  and  his  death  was  a  shock  to  all  of  us.  Joe  was  very 
active  in  Committee  6  in  connection  with  computer  uses  for  building  design.  He  had 
headed  that  subcommittee  for  the  last  4  years. 


Committee  8 — Concrete  Structures  and  Foundations 

Remarks    by   Vice    Chairman    T.    L.    Fuller 

Engineer   of   Bridges, 
Southern    Pacific    Transportation    Company 

Our  chairman,  F.  A.  Kempe,  regional  engineer,  Burlington  Northern,  Inc., 
could  not  be  here  and  sends  his  regrets.  In  his  stead,  I  shall  endeavor  to  give  a 
brief  report  on   Committee  8's  activities. 

Committee  8  has  completed  a  successful  year  and  anticipates  continuing  its 
activities.  Last  year  our  report  predicted  we  would  finalize  specifications  for  light- 
weight aggregate  and  for  concrete  lining  of  tunnels,  and  would  receive  the  initial 
draft  of  the  specifications  for  drilled-in  caissons.  We  are  happy  to  be  able  to  say 
that  we  have  maintained  our  schedule.  Bulletin  636  carried  printed  as  information 
a  specification  for  lightweight  concrete.  It  also  carried  a  report  on  AAR  laboratory 
tests  of  prestressed  concrete  ties  for  open-deck  bridges.  The  committee  has  ap- 
proved the  specifications  for  lining  railway  tunnels  with  concrete  and  reviewed  the 
near-final  draft  of  a  specification  for  foundation  columns. 

Regarding  lightweight  aggregates,  we  believe  great  caution  should  be  used  in 
its  selection  for  structural  train-supporting  lightweight  concrete  members.  Improper 
lightweight  fine  aggregate  can  cause  destructive  forces  within  the  concrete. 
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We  are  trying  to  arrange  field  tests  of  concrete  bridge  ties  on  a  girder  span. 
If  adequate  funding  is  available,  ties  will  be  instrumented  and  tested  for  load  dis- 
tribution, impact  and  other  variables.  Use  of  concrete  ties  on  open-deck  bridges 
will  eliminate  a  fire  hazard  and  make  such  structures  more  nearly  of  permanent 
construction.  The  reduction  in  AAR  laboratory  activities  is  limiting  our  success  in 
making  these  tests. 

The  publication  of  the  ACI  Manual,  stressing  as  it  does  ultimate  strength  design, 
indicates  a  need  for  AREA  design  specifications  on  the  same  basis.  In  H)72  we  will 
actively  progress   in   this  direction. 

On  May  24  and  25,  Committee  8  will  meet  in  Chicago  in  conjunction  with 
a  PCI-CRSI  Seminar.  Those  of  you  based  near  Chicago  may  desire  to  attend,  or 
send  representatives  of  your  design  staffs.  More  will  be  published  later  on  this 
seminar    or    information    can   be    obtained    from    AREA    headquarters. 


Committee  9 — Highways 

Remarks    by    Chairman    K.    E.    Wyckoff 
Director— Public   Works    Planning,    Burlington    Northern,    Inc. 

The  annual  report  of  Committee  9 — Highways,  is  published  in  Bulletin  635, 
pages  185  through  199. 

Committee  9  is  continuing  to  review  its  chapter  of  the  Manual  and  possible 
revisions  are  under  study.  Three  subcommittee  titles  have  been  changed  to  more 
aptly  describe  the  subject  matter  involved  and  an  additional  assignment  has  been 
requested  and  approved. 

The  new  subcommittee  titles  are  as  follows: 

No.  3 — Summary  reporting  of  significant  publications  on  grade  crossing  safety. 
No.  4 — Evaluation    of   developments    in    passive    and    non-train-actuated    grade 

crossing  protection. 
No.  7 — Evaluation  of  developments  in  train-actuated  grade  crossing  protection, 

collaborating  as  necessary  or  desirable  with  Communication  and  Signal 

Section,  AAR. 

The  additional  assignment  will  be  handled  by  Subcommittee  9 — "Study  ol 
public  pedestrian  crossings." 

"Federal  activities  in  grade  crossing  safety"  is  the  title  of  our  special  feature 
presentation  today.  First,  we  will  hear  a  railroad  industry  representative  develop 
appropriate  background  material  and  then  indicate  the  extent  ol  the  Department 
of  Transportation  activities  in  this  field.  Comments  and  added  information  will  then 
be  furnished  by  representatives  of  the  Federal  Railroad  Administration  and  tin 
Federal   Highway  Administration. 

[Chairman    Wvckolf    then    introduced,    in    turn,    the    committee's    special    feature 

speakers — Max  R.  Sproles,  executive  director.  Highway-Rail  Programs,  Association 
of  American  Railroads;  William  E.  Loftus,  Chief.  Polic)  Development  Division. 
Office  of  Policy  and  Planning,  Federal  Railroad  Adminstiation:  and  I  E.  Kiik.  Chief, 
Railroads  and  Utilities  Branch,  Office  of  Engineering,  Federal  Highwaj  Adminis- 
tration.] 
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Committee   11 — Engineering  Records  and  Property  Accounting 

Remarks    by    Chairman    C.    R.    Dolan 
Engineer— Capital    Expenditures,    Missouri    Pacific    Railroad 

Committee  11  continued  work  on  its  assignments  and  the  report  of  the  Com- 
mittee for  1971  is  published  in  Bulletin  635,  November-December  1971. 

From  a  review  of  the  assignments  of  the  committee,  it  will  be  noted  that  those 
for  Subcommittees  4  and  5  are  closely  related  and  are  very  timely  in  that  the  sub- 
jects cover  material  that  is  required  today  for  managerial  purposes.  Today's  needs 
support  die  use  of  computers  in  both  engineering  and  property  records,  particularly 
from  the  standpoint  of  ad  valorem  and  income  tax  purposes,  in  addition  to  financial 
and  accounting  functions.  The  work  covered  in  the  assignments  of  Subcommittees 
4  and  5  will  assist  in  fulfilling  those  needs. 

The  committee,  through  an  ad  hoc  subcommittee  is  continuing  its  work  widi 
ICC  in  revising  existing  Valuation  Orders.  Other  subcommittees  are  continuing  to 
keep  current  on  tiieir  assignments  and  to  keep  us  informed. 

I  think  it  well  to  mention  that  Committee  11  has  acquired  seven  new  members 
within  the  past  year,  which  I  believe  is  indicative  of  the  interest  in  and  importance 
of  the  work  of  the  committee. 

I  am  unhappy  to  report  that  Louis  Wolf,  retired  life  member  of  AREA  and  a 
Member  Emeritus  of  Committee  11,  passed  away  on  October  27,  1971.  Mr.  Wolf 
was  assistant  engineer  in  the  Valuation  Department  on  the  Missouri  Pacific  Railroad 
at  the  time  of  his  retirement  in  1954.  A  memoir  has  been  prepared,  which  will  be 
published  in  the  June-July  Convention  issue  of  the  Bulletin. 

Committee  11  solicits  your  comments  or  suggestions  for  future  assignments 
and  requests  that  they  be  made  in  writing,  addressed  to  me. 


Uouis  iilolf 
1884=1971 

Louis  Wolf,  retired  assistant  engineer,  Valuation  Department,  Missouri  Pacific 
Railroad,  died  on  October  27,  1971,  at  Webster  Groves,  Mo.,  where  he  resided  prior 
and  subsequent  to  his  retirement.  His  wife,  Helen  Dorcas  Below  Wolf,  died  in  1966. 
Surviving  are  daughters,  Mrs.  Dorcas  Whitehead  and  Mrs.  Joan  Blistain;  sons, 
Bryant  and  Frank;  12  grandchildren  and  3  great  grandchildren;  3  sisters  and  a 
brother. 

Mr.  Wolf  was  born  at  Bonne  Terre,  Mo.,  on  October  8,  1884.  While  attending 
high  school  he  began  his  railroad  career  with  summer  employment  on  the  Mississippi 
River  &  Bonne  Terre  Railroad.  Upon  completion  of  high  school,  and  while  witii  the 
MR&BT,  he  completed  an  I.C.S.  course  in  engineering  in  1904.  He  served  in  con- 
struction on  the  Northern  Pacific  Railway  from  1906  to  1909  and  Missouri  Pacific 
from  1909  to  1913.  After  serving  with  the  Illinois  Highway  Department  as  an  engi- 
neer in  1914,  Mr.  Wolf  joined  the  Bureau  of  Valuation  of  the  Interstate  Commerce 
Commission  as  a  member  of  a  field  party  making  inventories  of  railroads.  In  1916, 
he  returned  to  the  Missouri  Pacific  in  the  Valuation  Department  where  he  held 
various  positions   until  he  retired  in  1954. 
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Retirement  from  railroad  service  was  not  the  end  of  his  engineering  car© 
he  continued  engineering  work  with  funis  in  St.  Louis  for  a  number  oi  years. 

Mr.  Wolf  joined  AREA  in  1920  and  became  a  Life  Membei  upon  his  retire- 
ment. He  became  a  member  of  Committee  11  in  1928,  served  .is  vice  chairman  in 
1949  and  chairman  1950-52.  He  was  elected  Member  Emeritus  Februarj  (>.   L958. 

He  was  a  member  of  Webster  Groves  Lodge  No.  84,  A.F.&A.M.  and  a  mem- 
ber of  the  Episeopal  Church,  for  which  he  served  on  the  Vestrj  a  number  oi  terms. 

Mr.  Wolf  had  a  thorough  knowledge  of  railroad  valuation  work  and  in  his  verj 
friendly  manner  freely  passed  this  knowledge  to  his  fellow  employees  and  to  mem- 
bers of  Committee  11.  His  ability  and  experience  earned  him  the  respect  ol  all  his 
associates. 


Committee    13 — Environmental   Engineering 

Remarks    by    Chairman    C.    F.    Muelder 
Utilities    Engineer,    Chicago    Region,    Burlington    Northern,    Inc. 

Your  Committee  on  Environmental  Engineering  is  continuing  to  grow  in  im- 
portance, as  evidenced  by  the  growth  in  our  membership  since  last  >ear.  \\  e  now 
have  50  members,  including  five  associates  and  one  member  emeritus. 

You  will  find  reports  on  five  of  our  seven  assignments  in  Bulletin  635,  Novem- 
ber—December 1971,  including  Manual  recommendations  on  Water  Pollution  Con- 
trol. The  subcommittees  responsible  for  these  reports  are: 

1 — -Water  Pollution  Control,  chaired  by  J.  L.  Coss  of  the  Burlington   Northern. 
2 — Air  Pollution  Control,  chaired  by  A.  F.  Butcosk  of  the  Southern. 
3 — Land  Pollution  Control,  chaired  by  P.  P.  Dunavant  of  the  Norfolk  <.\  Western. 
4 — Industrial  Hygiene,  chaired  by  R.  S.  Bryan,  Jr.,  of  the  Norfolk  «.\  Western. 
7 — Noise  Pollution  Control,  chaired  by  R.  R.   Holmes  of  the  Union   Pacific. 

Our  committee  vice  chairman  is  C.  E.  DeGeer  of  the  Burlington  Northern  and 
our  secretary  is  J.  J.  Dwyer  of  the  Chesapeake  &  Ohio-Baltimore  &  Ohio.  I  want  to 
thank  these  two  men  and  the  subcommittee  chairmen  for  the  work  they  have  don. 
in  assisting  me  to  carry  out  the  work  of  our  committee. 

This  coming  year  our  Subcommittees  on  Water  Pollution  and    \ir  Pollution  will 
continue  studies  related  to  their  fields.  The  Subcommittee  on   Noise  Pollution  is  de- 
veloping   a    format    and    general   guide   lines   for   its    Manual    material.   The   Subcom- 
mittees on  Land  Pollution,  on  Industrial  Hygiene  and  on   Plant   Utilities  and  I 
sion    Control    will    work    toward   completion   of   their   assist nts. 

We  solicit  your  suggestions  and  questions  relating  to  oui  assignments, 
Committee    14 — Yards  and  Terminals 

Remarks    by    Chairman    G.    H.    Chabot 

Engineer— Contracts, 

Chesapeake    &    Ohio    Railway-Baltimore    &    Ohio    Railroad 

The  activities  of  Committee  11  during  the  pasl  year  are  recorded  in  Part  -  "i 
Bulletin  635,   November-December    L971,  beginning  on  page  225.    The  coi ittee 

was  assigned  li\e  subjects.  Final  reports  on  two  wen    published  as  information 

on  a  study  of  snow    removal  methods  and  appur*  nances  in  \.uds  and  terminals, 
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the  Other  outlining  the  features  of  a  terminal  designed  to  handle  containers  ex- 
clusively. 

The  committee  also  submitted  for  adoption  several  revisions  to  Chapter  14  of 
the  Manual.  These  were  published  in  Part  1  of  Bulletin  635,  pages  166  through  175. 
Now  in  progress  by  the  committee  is  the  work  of  converting  the  entire  Chapter  14 
of  the  Manual  to  the  decimal  numbering  system. 

Our  Subcommittee  2 — Scales,  was  given  a  special  assignment  to  develop  rules 
for  testing  motion  weighing  railway  track  scales.  It  is  my  pleasure  to  inform  you 
that  a  final  draft  has  been  circulated  to  all  committee  members  for  approval.  This 
material  will  be  submitted  shortly  for  publication  as  Manual  material. 

Committee    15 — Steel   Structures 

Remarks    by    Chairman    M.    L.    Koehler 
Engineer— Structures,    Penn    Central   Transportation    Company 

The  annual  report  of  Committee  15 — Steel  Structures  is  published  in  Part  1 
of  Bulletin  635,  November-December  1971  and  in  Bulletin  636,  January-February 
1972. 

The  committee  submits  the  following  summary  of  its  activities  and  work  cur- 
rently in  progress.  The  Manual  revisions  submitted  for  adoption  during  the  past  year 
are  the  results  of  the  committee's  continuing  efforts  to  maintain  a  complete  and 
up-to-date  specification  for  steel  structures.  The  plans  of  Committee  15  for  the  com- 
ing year  include  the  completion  of  a  revised  Part  6  covering  the  design,  fabrication 
and  erection  of  movable  railway  bridges,  as  well  as  the  associated  technical  explana- 
tion of  the  revisions  and  additions. 

A  progress  report  of  the  Subcommittee  on  Protection  of  Steel  Surfaces,  covering 
the  inspection  of  a  test  installation  on  a  railway  bridge  where  several  protective  sys- 
tems were  applied  in  1966,  is  published  in  Bulletin  636  as  information. 

A  special  panel  discussion  on  welded  rail  on  bridges  was  presented  at  die  con- 
vention last  year  by  the  committee.  The  committee  is  continuing  the  study  and 
development  of  Manual   recommendations  on  this  assignment. 

The  purpose  of  Committee  15  is  to  formulate  specific  and  detailed  rules  for 
the  design,  fabrication  and  erection  of  steel  railway  bridges,  turntables  and  cor- 
rugated structural  plate  pipe,  pipe  arch  and  arch  culverts,  and  to  recommend  pro- 
cedures for  the  maintenance,  inspection  and  rating  of  existing  iron  and  steel  railway 
bridges. 

If  there  are  any  comments  or  suggestions  for  future  assignments,  the  committee 
would  appreciate   that  they  be  furnished  in  writing,  addressed  to  the  chairman. 

During  the  past  year,  three  members,  including  two  subcommittee  chairmen,  each 
of  whom  had  contributed  actively  to  the  work  of  Committee  15,  were  taken  from 
our  midst,  as  follows: 

Hans  Fenwick  Bober,  bridge  and  building  engineer,  Culf,  Mobile  &  Ohio  Rail- 
road. 

John  J.  Fiala,  consulting  engineer,  Hardesty  and  Hanover. 

William  Colestock  Howe,  director  of  engineering  services,  Bessemer  &  Lake  Erie 
Railroad. 

Memoirs  for  Messrs.  Bober  and  Fiala  were  published  in  Bulletin  636  as  part  of 
Committee  15s  report  therein.  A  memoir  for  Mr.  Howe  follows: 
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MUilltam  ColeStocfc  &otoe 
1908=1971 

William  Colestock  Howe,  director  of  engineering  services,  Bessemer  &  Lake 
Erie  Railroad,  died  Friday,  September  24,  1971,  in  the  Cleveland  Clinic,  Cleveland, 
Ohio,  following  open-heart  surgery.  Survivors  are  his  wife,  Mary  Louise,  and  one 
daughter,  Mrs.  Alfred  W.  (Margaret)  Dent.  His  home  for  over  30  years  had  been 
in  Greenville,  Pa. 

Bom  at  Juniata,  which  is  now  Altoona,  Blair  County,  Pa.,  on  May  24,  1908, 
Mr.  Howe  received  his  higher  education  at  Pennsylvania  State  College  from  which 
he  graduated  with  a  B.S.  in  Civil  Engineering.  Following  an  association  with  the 
Pennsylvania  Department  of  Highways,  he  began  his  career  with  the  Bessemer  & 
Lake  Erie  Railroad  in  1937  as  a  draftsman.  He  held  various  positions  with  the 
Bessemer,  including  designing  engineer  and  engineer-bridges  and  buildings,  before 
being  appointed  director  of  engineering  services  in  December  1970. 

Mr.  Howe  was  a  registered  professional  engineer  in  the  Commonwealth  of 
Pennsylvania.  He  was  a  member  of  the  Pennsylvania  Society  of  Professional  Engi- 
neers and  served  as  president  of  the  Mid-Western  Chapter  of  that  society  in  1949 
and  as  a  director  1954-1955. 

Mr.  Howe  joined  the  AREA  in  1948  and  had  been  a  member  of  Committee 
15 — Iron  and  Steel  Structures  (now  Steel  Structures)  since  1959.  He  served  Com- 
mittee 15  as  their  official  representative  in  their  collaboration  with  the  Steel  Struc- 
tures Painting  Council  of  which  he  was  a  member.  He  also  served  on  AREA  Com- 
mittee 7 — Timber  Structures,  from  1949  to  1964.  He  was  vice  chairman  of  that 
committee,   1951-1953,  and  chairman,   1954-1956. 

Mr.  Howe  had  a  deep  interest  in  the  railroads  and  in  railroad  people  and  be- 
longed to  many  organizations  besides  AREA  which  were  associated  with  the  in- 
dustry. Among  them  are  the  American  Railway  Bridge  and  Building  Association. 
the  Railway  Club  of  Pittsburgh  and  the  Railway  Club  of  Greenville.  In  addition  to 
all  his  railroad  activity,  he  found  time  to  serve  as  secretary  of  the  Greenville  Joint 
School  Authority  and  as  a  member  and  past  president  of  the  Pennsylvania  State  Uni- 
versity Alumni   Association. 
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Committee    16 — Economics   of   Plant,    Equipment  &    Operations 

Remarks    by    Chairman    T.    J.    Lamphier 

Vice    President,    Management   Services   and    Planning, 

Burlington    Northern,    Inc. 

It  is  with  great  pleasure  and  some  relief  that  I  now  make  my  final  report  to 
you  on  the  activities  of  Committee  16 — Economics  of  Plant,  Equipment  and  Opera- 
tions. I  have  enjoyed  the  last  three  years  and  my  experience  as  chairman.  While  I 
will  miss  this  particular  role,  I  plan  to  remain  as  active  in  the  Association  as  I  can. 

Your  committee  has  had  a  busy  and  what  we  consider  to  be  a  successful  year. 
You  will  find  the  report  of  our  committee  beginning  on  page  237  of  Bulletin  635, 
November-December  1971. 

This  was  our  first  year  of  operation  with  the  title  of  our  committee  changed 
from  that  of  "Economics  of  Railway  Location  and  Operation."  It  has  done  little  to 
change  the  direction  of  the  committee  but  to  more  clearly  define  its  activities.  Com- 
mittee 16  is  somewhat  different  from  other  committees  of  our  Association  in  that 
it  attempts  to  establish  principles  of  railway  location  and  operation  and  does  not 
issue  specifications  or  standards  such  as  your  Committees  on  Rail,  Roadway  and 
Ballast,  and  many  others  do. 

One  assignment  was  completed  and  that  was  the  "Location  and  Operation  of 
Metropolitan  Transit  Systems  as  Related  to  Current  Railway  Operations."  The  re- 
port on  this  assignment  will  be  found  on  page  61  of  Bulletin  634.  L.  A.  Durham, 
chief  engineer  of  the  Norfolk  &  Western,  was  chairman  of  this  assignment  and  did 
an  excellent  job  of  expediting  the  work. 

During  the  year  work  was  continued  on  the  Revision  of  the  Manual  under  the 
direction  of  George  Rugge.  The  coming  year  will  hopefully  see  some  new  Manual 
material  for  Part  4  ready  for  approval. 

Our  Assignment  1,  which  was  to  "Study  the  Optimum  Length,  Speed  and 
Weight  of  Freight  Trains,"  has  moved  along  expeditiously  under  the  direction  of 
J.  C.  Martin  of  the  Canadian  National,  and  a  preliminary  report  has  been  approved 
for  publication  by  your  committee. 

Little  work  has  been  done  on  Assignment  2,  which  is  that  of  "Determining 
Engineering  Methods  and  Economic  Considerations  Involved  in  Improving  the 
0'iality  of  Transportation  Service."  We  now  have  a  new  subcommittee  chairman, 
Bruce  Miller  of  the  Penn  Central,  and  we  look  for  significant  progress  in  the  coming 
year. 

Assignment  3  which  is  the  "Determination  of  Maintenance  of  Way  Expense 
Variation  with  Use,"  is  a  most  difficult  assignment  and  has  moved  ponderously 
ahead.  A  progress  report  on  this  subject  was  published  on  page  239  of  Bulletin  635. 
This  report  attempts  to  indicate  some  of  the  work  that  has  been  done  in  the  past 
and  suggests  the  difficulty  of  coming  up  with  a  formula  or  method  for  determining 
maintenance  of  way  expense  variation  with  use  that  would  be  satisfactory  to  your 
Association  and  its   Board  of  Direction. 

Assignment  4,  "The  Economic  Evaluation  of  Methods  for  Reducing  the  Prob- 
ability of  Derailments,"  is  moving  along  and  it  is  hoped  that  a  report  on  this  subject 
will  be  made  in  the  coming  year. 

Assignment  7  is  basically  an  open-ended  assignment  on  the  "Applications  of 
Industrial  Engineering  Functions  to  the  Railroad  Industry."  This  subcommittee  has 
prepared  a  final  report  on  "Determining  the  Optimum  Location  of  Hotbox  Detectors," 
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which  can  be  found  on  page  81  of  Bulletin  634.  Since  there  is  SO  much  interest  in 
the  installation  of  detection  devices,  I  commend  this  particular  report  and  the  ones 
that  preceded  it  to  your  attention.  Tins  subcommittee  also  prepared  a  report  on  the 
"Development  and  Application  of  Yard  Crew  Performance  Measures,"  which  was 
published  on  page  241  of  Bulletin  635. 


Committee   20 — Contract  Forms 

Remarks    by    Chairman    E.    A.    Graham 
Chief    Engineer,    Colorado    &    Southern    Railway 

Committee  20  is  presently  working  on  the  following  assignments: 

1.  Form  of  agreement  for  trackage  located  in  industrial  parks. 

2.  Short  form  of  contract  for  miscellaneous  work. 

3.  Form  of  agreement  for  filling,  grading  or  disposing  of  waste  material  on 
company  property. 

4.  Form  of  agreement  for  emergency  work. 

These  forms  should  be  ready  for  publication  as  Manual  recommendations  later 
this  year. 

The  joint  liaison  committee  of  the  AREA  and  the  American  Right  of  Way  As- 
sociation has  held  several  meetings,  the  last  being  held  last  June.  A  full  report  of 
this  committee  work  will  be  made  to  the  AREA  executive  manager  in  the  near 
future. 

Committee  20  will  welcome  any  suggestions  for  new  subjects  that  should  be 
covered  by  contract  forms,  and  these  suggestions  can  be  sent  to  the  chairman  for 
consideration  by  the  committee. 


Committee  22 — Economics  of  Railway  Construction 
and  Maintenance 

Remarks   by   Chairman    R.    W.    Pember 

Assistant   Chief   Engineer   Maintenance    of   Way, 

Louisville   &    Nashville    Railroad 

The  report  of  Committee  22  appears  in  Bulletin  635,  November-December  1971, 
pages  245-260. 

Subcommittee  2  presented  a  report  describing  the  Louisville  &  Nashville's  new 
classification,  testing  and  welding  plant' at  Nashville,  Term.,  which  was  the  site  <>l  i 
committee  field  trip.  This  report  begins  on  page  246  of  Bulletin  635. 

Subcommittee  4  presented  a  report  on  "Economics  of  Double  Shifting  Where 
Gang  Has  Heavj  Investment  in  Equipment."  This  report  begins  on  page  254  of  the 
Bulletin. 

Subcommittee  7  presented  a  report  entitled  "Develop  and  Recommend  Proce- 
dures for  Producing  Unit  Costs  for  Maintenance  of  Way  Work."  This  report  begins 

on  Bulletin  page  257. 

In  the  following  tribute,  Committee  22  expresses  its  Borrow    al   the  death  "t 

long-time  Committee  22  Member  Jack  E.  Eisemann. 
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lack  €titoarb  Ciaemann 
1009-1971 

A  Tribute  by  R.  W.  Pember 

Jack  Eisemann  was  many  things  to  many  people — a  loving  husband  and  fa- 
ther to  his  wife  and  family;  a  liked  and  respected  citizen  to  neighbors  and  ac- 
quaintances in  Topeka  and  Amarillo;  an  active,  always  loyal,  member  to  his  fellow 
Masons  and  Shriners.  To  us  in  railroading,  Jack  Eisemann  was  a  tireless,  dedicated 
worker.  Thoroughly  competent  and  blessed  with  wisdom  and  good  judgement,  he 
gave  his  best  to  our  industry.  He  was  also  our  friend,  and  we'll  miss  him  very  much. 

Jack  Eisemann's  railroad  career  spanned  more  than  35  years.  It  began  in  1928 
with  the  Rock  Island  after  college  (Jack  had  previously  attended  tfie  University  of 
Illinois,  taking  classes  in  the  school  of  engineering).  On  the  Rock  Island  Jack 
worked  first  as  flagman,  then  as  chainman,  rodman  and  instrumentman  with  engi- 
neering gangs  until  1931. 

During  the  early  1930's,  Jack  left  railroading.  He  worked  first  for  the  Illinois 
State  Highway  Department,  later  going  to  Fresno,  Calif.,  to  take  a  position  as  field 
engineer  for  the  San  Joaquin  Light  &  Power  Company. 

But  by  1935,  Jack  was  back  on  the  railroad.  That  year,  he  landed  a  job  with 
the  Santa  Fe's  engineering  department  in  California.  Over  the  next  several  years, 
Jack  served  in  numerous  engineering  capacities  on  the  line's  West  Coast  District. 

In  January  1944,  Jack  entered  military  service.  He  joined  the  Army  Transporta- 
tion Corps,  and,  soon  after  officer  training,  he  was  sent  to  Europe.  Here,  this  foot- 
note is  apropos:  In  the  military  or  on  the  railroad,  Jack  Eisemann  loved  nothing 
better  dian  to  be  "where  the  action  was."  At  that  point  in  World  War  II,  Europe 
was  "where  it  was  happening,"  and  as  a  Transportation  Corps  officer,  Jack  moved 
forward  with  Allied  Forces  occupying  Western  Europe.  He  supervised  U.S.  Army 
units  rebuilding  damaged  railroad  bridges  and  trackage;  he  also  directed  recon- 
struction of  entire  lines  devastated  by  war.  Jack  climaxed  his  military  career  by  at- 
taining the  rank  of  Lieutenant  Colonel  and  serving  as  chief  engineer  of  all  military- 
operated  railroads  in  the  U.S.-occupied  zone  of  West  Germany. 

Jack  returned  to  the  Santa  Fe  in  1947  as  roadmaster,  Coast  Lines.  He  was 
transferred  to  the  Santa  Fes  Gulf  Lines  in  1950  as  division  engineer  and  advanced 
through  the  district  engineer  position  to  become  chief  engineer,  Western  Lines,  in 
1958.  His  headquarters  were  in  Amarillo.  Still,  he  always  relished  getting  out  on 
the  road — again,  "where  the  action  was" — and  being  with  the  crews  and  gangs  he 
knew  so  well. 

It  was  in  this  decade  that  many  of  us  in  AREA  came  to  know  Jack  Eisemann. 
He  joined  our  organization  in  1948  and  was  named  a  member  of  Committee  22 — 
Economics  of  Railway  Construction  &  Maintenance,  in  1953.  Jack  was  elected  vice 
chairman  of  the  committee,  so  serving  from  1958  until  1961.  He  then  headed  Com- 
mittee 22  from  1961  through  1964,  and  he  still  held  membership  in  it  at  the  time 
of  his  death. 

Coming  up  through  the  ranks  as  he  did,  Jack  possessed  hard-gained  experience 
further  refined  by  extraordinary  World  War  II  military  service.  Such  experience  and 
knowledge  made  him  invaluable  to  his  railroad  and  our  entire  industry.  And,  it  was 
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through  AREA  and  Committee  22  that  Jack  shared  his  wealth  of  experience  and 
expertise  in  railroad  engineering.  Main  ot  us  can  count  the  times  we've  been  chal- 
lenged with  knotty  problems  on  our  own  roads.  A  call  or  visit  with  Jack  invariably 
resulted  in  a  helpful,  no-gloss  approach  ( by  him) — and,  the  solution  to  our  problem! 

But  Jack  Eisemann  was  also  forward-thinking,  perhaps  even  visionary  for  his 
day.  As  early  as  1953  or  '54,  Jack  was  fielding  tie  and  surfacing  gangs  and  explor- 
ing uses  of  mechanized  machinery,  generally,  for  track  and  maintenance  of  way 
work.  In  clue  time,  his  leadership  on  the  Santa  Fe  in  mechanized  track  maintenance 
pointed  the  way  for  main  of  us  on  other  lines.  It  was  toward  this  end  that  he  served 
our  Committee  22  so  ably. 

It  would  be  an  understatement  to  say  that  Jack's  own  Santa  Fe  entrusted  in 
him  great  responsibility!  The  record  shows  that.  Nonetheless,  in  1968,  when  AT&SF 
realigned  its  purchases  c\  stores  department,  Jack  became  the  man  for  the  task.  That 
year,  he  was  named  assistant  general  purchasing  agent,  soon  after  becoming  general 
purchasing  agent.  In  1970,  he  was  appointed  director  of  purchases  and  materials, 
the  position  he  held  when  he  died. 

Industrywide  recognition  of  Jack's  knowledge  and  leadership  was  also  very  evi- 
dent. Just  a  few  months  before  his  death,  Jack  authored  an  excellent,  challenging 
article  in  Progressive  Railroading  on  railway  purchasing  and  inventory  control.  Not 
one  to  mince  words,  in  person  or  in  print,  Jack  literally  "told  it  like  it  was"  (that, 
by  the  way,  was  exactly  how  his  story  was  entitled!). 

Of  Jack  Eisemann,  our  friend,  we  must  add  that,  in  all  of  his  relationships — 
personal  and  professional — he  was  warm  and  personable.  Never  pretentious,  he  was 
honest,  direct  and  forthright.  Jack  loved  all  of  life  and  lived  it  fully. 

But,  how  better  to  sum  up  this  man's  achievements  and  his  path  through  life 
than  to  describe  him  as  a  man's  man?  That's  how  we'll  remember  our  close  friend. 
Jack  Edward  Eisemann. 
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Committee  24 — Engineering   Education 

Remarks   by   Chairman   V.    J.    Roggeveen 
Professor    of   Transportation,    Stanford    University 

This  will  be  a  brief  report  about  Committee  24,  AREA.  Your  committee  has 
been  hard  at  work  on  its  new  assignments,  which  it  received  last  year  under  its 
new  name  and  format.  The  January-February  Bulletin,  No.  636,  reports  in  detail 
on  our  progress,  so  I  will  not  paraphrase  what  you  can  read  when  you  get  back- 
to  your  offices.  A  few  items,  however,  merit  attention: 

Recruiting — The  subcommittee  chairman  for  this  assignment,  Walter  R.  Catch- 
ing of  Penn  Central,  has  been  really  active.  In  less  than  a  year  he  developed  a 
most  interesting  report,  based  on  a  questionnaire,  about  the  recruiting  of  new  col- 
lege graduates  by  American  railroad  companies.  It  includes  statistics  about  starting 
salaries,  training  programs,  numbers  of  people  recruited,  and  future  recruiting  plans. 
We  expect  to  continue  this  activity. 

Summer  Employment — This  is  the  program  by  which  Committee  24  brings 
summer  employment  opportunities  in  railroad  engineering  departments  to  the  atten- 
tion of  college  students.  It  is  a  fine  way  for  the  two  to  get  to  know  each  other. 
Again  this  year  the  railroads'  needs  have  been  surveyed  and  tabulated;  and  a  list  of 
opportunities  is  being  sent  to  the  colleges  and  universities. 

Student  Affiliates — AREA  now  has  31  student  affiliates,  which  is  far  below  the 
membership  a  few  years  ago.  Our  committee  is  working  to  re-energize  this  activity; 
we  have  made  a  number  of  recommendations  to  AREA  and  are  pushing  to  get  them 
implemented.  Included  in  the  committee  annual  report  are  several  suggestions  to 
railroad  people  about  how  they  can  help. 

Exchange  of  Professional  Staffs — This  has  two  aims.  We  are  trying  to  help 
professors  teaching  transportation  to  get  opportunities  to  work  temporarily  in  the 
railroad  environment  so  they  will  have  a  better  understanding  of  it.  We  also  hope 
to  help  bring  railroad  engineering  staff  into  classrooms,  both  to  teach  students  about 
the  industry  and  to  experience  at  first  hand  the  contemporary  university  scene. 

Our  co-chairmen,  Bruce  M.  Davidson  and  Chuck  T.  Popma,  have  been  cor- 
responding with  university  people  to  ask  about  their  possible  needs. 

I  am  trying  to  develop  an  outline  of  material  to  be  included  in  a  short  course, 
looking   toward   inviting   railroad   people   into   our   transportation   class   at   Stanford. 

The  other  subcommittee  reports  are  also  in  Bulletin  636;  they  do  not  need 
further  attention  at  this  meeting. 

Current  Student  Interest  in  Transportation — A  brief  report  about  the  university 
scene  might  interest  you.  Most  students  are  relatively  quiet  at  the  moment  (knock 
on  wood);  there  is  some  agitation  about  various  issues,  but  nothing  like  a  few 
years  ago.  The  overwhelming  majority  are  concentrating  on  their  studies.  What  is 
important  to  you  is  that  at  many  schools  there  is  an  upsurge  of  interest,  by  both 
undergraduate  and  graduate  students,  in  the  study  of  transportation.  For  example, 
at  Stanford  this  year  I  have  the  largest  class  ever  in  transportation,  with  96  students, 
instead  of  the  enrollment  in  previous  years  of  about  45  or  50.  The  quality  of  stu- 
dents interesting  themselves  in  transportation  seems  significantly  higher  than  in 
some  years  past  when  more  "glamorous"  areas,  like  aerospace,  attracted  them. 
On  the  admissions  committee  in  our  department  we  are  currently  going  through 
applications,  and  it  is  heartening  to  see  the  number  and  quality  of  applicants  with 
an  interest  in  transportation.  These  are  people  who  will  be  looking  for  employment 
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a  year  or  two  from  now;   I   hope  that  some  ol   them  will  end  up  in  the  railroad 
industry. 

Canadian  Institute  of  Guided  Ground  Transport — Our  feature  presentation 
should  be  especially  significant  for  you.  The  Canadian  Institute  ol  Guided  Ground 
Transport  (CIOCT)  is  located  at  Queens  University,  in  Kingston,  Ontario.  It's 
executive  director.  Professor  Cecil  E.  Law,  will  describe  the  Institute's  program 
to  you.  Committee  24  thinks  it  will  be  very  worthwhile  lor  us  in  the  United  States 
to  hear  about  what  the  Canadians  are  doing  to  bring  railway  research  into  the 
university  world. 

The  Canadian  Government  has  joined  with  the  two  large  Canadian  railways, 
Canadian  Pacific  and  Canadian  National,  to  support  cooperatively  tliis  large,  intri- 
cate, fascinating  program  at  Queens,  with  its  substantial  emphasis  upon  railway 
research.  We  American  professors  interested  in  railroads  look  upon  tin's  with  da- 
hope  that  sometime  in  the  future  similar  activities  might  be  developed  in  one  or 
more  U.S.  universities.  The  research  activities  of  graduate  students  (end  to  orient 
them  toward  their  future  career  specialties.  We  feel  that  if  significant  railway 
research  programs  can  be  developed  in  several  universities  these  will  in  turn  develop 
the  research-oriented  people  interested  in  railway  technology  who  will  he  qi 
if  research  about  railroads  is  going  to  grow  and  expand. 

Professor  Law  is  an  academic  who  knows  a  lot  about  the  practical  world. 
A  graduate  of  the  University  of  British  Columbia,  a  member  of  AREA,  including 
Committee  24,  his  field  of  professional  interest  has  been  operations  research,  He 
spent  nine  years  with  the  Canadian  Government  on  the  Defense  Research  Board: 
he  was  manager  for  two  years  of  operations  research  for  Canadian  Industries 
Limited,  a  large  Canadian  manufacturer;  and  he  spent  four  years  as  coordinator 
of  operations  analysis  for  Canadian  National  Railways.  Since  1966  he  has  been 
a  professor  at  Queens  University,  in  the  School  of  Business  and  Operations  Research 
and  in  the  Department  of  Computing  and  Information  Science  He  is  the  first  per- 
manent   executive  director   of  the   Canadian    Institute   ol    Guided    Ground   Transport. 

New  Officers  <>f  Committee  24 — My  term  as  chairman  of  Committee  24  is  now 
at  an  end.  These  three  years  have  gone  l>>  very  fast.  It  has  been  a  fascinating  and 
rewarding  experience. 

The  tradition  of  Committee  24  has  been  to  alternate  between  railroad  and 
university  people  for  the  positions  of  chairman  and  vice  chairman.  Tin  vice  chair- 
man normally  moves  up  to  being  chairman.  I  am  an  academic,  so  the  next  (hair- 
man  will  be  from  a  railway;  the  present  vice  chairman  is  from  a  railroad,  so  the 
next  vice  chairman  will  be  an  academic.  We  are  fortunate  that  an  absolutely  first 
class  team  is  taking  over  continued  leadership  of  this  committee.  It  is  mv  pleasure 
to  introduce  them: 

Harrv  M.  Williamson,  the  new  chairman,  is  chiel  engineer-system  ol  the  South- 
em  Pacific  Transportation  Company.  He  is  a  former  president  "I  \KK\.  his  been 
a  very  active  Committee  24  member  for  many  years,  and  the  vice  chairman  for  tin 
past  three. 

Dr.  Bruce  M.  Davidson,  the  new  vice  chairman  is  academic  dean  of  the 
United  States  Naval  Academy.  I  just  don't  know  how  we  could  do  better.  Bruce 
has  been  a  member  ol  om  committee  foi    <  number  ol  years,  his  1..  |  ,,.n 

really  active  people,  and  is  one  of  om  sub-committe*   chairmen. 

Thomas  <■.  Schuttz,  associate  professor  .it  California  st.ttc  I  m  •  ,  Joa 

(former!)   San  Jose  state  College)  continue  ">■ 
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Committee  25 — Waterways  and   Harbors 

Remarks    by    Chairman    L.    H.    McCurry 
Assistant   Engineer,    Atchison,    Topeka    &    Santa    Fe    Railway 

Committee   2.5 — Waterways   and   Harbors'   presentation   will   be   in   two  parts: 

(1)  the  annual  report  of  the  committee  and  (2),  a  special  feature.  As  its  special 
feature  your  committee  is  most  pleased  to  present  Lawrence  L.  \\ 'hitencck.  chief 
harbor  engineer,  Port  of  Los  Angeles,  the  Port  which  has  the  distinction  of  being 
known  as  the  "Cargo  Capital  of  the  West." 

The  report  of  Committee  25  is  published  in  Bulletin  636.  January-February 
1972,  beginning  on  page  477.  A  progress  report  is  submitted  as  information  on  As- 
signment 2 — Current  Policies,  Practices  and  Developments  Dealing  with  Flood  Con- 
trol, Water  Conservation,  Waterways  and  Water  Navigation  Projects.  The  report 
relates  the  United  States  Water  Resources  Council's  "Proposed  Principles  and  Stand- 
ards for  Planning  Water  and  Related  Land  Resources"  as  given  by  W.  Don  Maughan. 
Director,  Water  Resources  Council,  at  die  Tenth  Annual  Convention  of  the  Na- 
tional Waterways  Conference,  Inc.  The  report  is  a  condensed  version  by  the  Water 
Resources  Council  and  for  those  tiiat  desire  the  full  text,  a  request  can  be  made  to 
the  Water  Resources  Council  in  Washington,  D.C.  Also,  the  text  is  printed  in  die 
December  21,  1971,  Federal  Register,  Part  II,  page  24191  which,  in  addition,  indi- 
cates die  Notice  of  Public  Review  and  Hearing  as  stated  by  Mr.  Maughan.  The 
report  indicates  future  policy  procedures  of  the  federal  government  and.  therefore, 
is  of  paramount  interest  to  the  railway  industry,  which  is  directly  affected  either 
specifically  or  through  the  Department  of  Transportation. 

This  past  year  Committee  25  has  devoted  its  entire  attention  to  formulating  an 
outline  of  a  proposed  Manual  revision  brought  about  by  a  review  of  the  existing  data 
in  Chapter  25  of  the  Manual.  An  11-part  outline  was  formulated  and  each  sub- 
committee was  assigned  certain  parts  with  die  objective  of  expanding  the  specific- 
part  to  cover  the  subject  matter  that  would  be  beneficial  to  users  of  the  Manual  for 
guidance  and  keeping  within  the  bounds  specified  by  this  Association.  At  our  meet- 
ing which  was  held  in  St.  Louis  on  October  22,  1971,  Committee  25  adopted  a  de- 
tailed outline  draft  which  has  been  presented  to  the  Association  with  die  recom- 
mendation that  die  draft  be  reviewed  by  the  Association  to  determine  if  the  draft 
is  satisfactory  or  if  furdier  revision  is  desirable.  The  draft  indicates  that  it  will  be 
necessary  to  collaborate  widi  several  other  technical  committees  of  die  Association, 
and  this  committee  will   appreciate  comments  from  the  other  committees   involved. 

For  the  coming  year — and  with  an  acceptable  outline — Committee  25  plans  to 
formulate  specific  terminology  for  die  outline  and  in  our  next  report  to  die  Annual 
Convention  it  is  hopeful  that  we  can  report  our  proposed  Manual  revision  to  the 
Association. 

Committee  25's  scope  and  objectives  remain  the  same  as  previously  reported 
at  the  1970  Annual  Convention  and  the  Committee's  present  and  proposed  activities 
clearly  indicate  the  stated  scope  and  objectives. 

If  there  are  no  questions.  I  will  proceed  with  die  second  part  of  Committee  25's 
presentation.  [Chairman  McCurry  then  introduced  Lawrence  L.  Whiteneck,  who 
spoke  on  "Planning  a  Railroad  Service  for  Los  Angeles  Port  Development."] 
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Committee   27 — Maintenance   of   Way   Work   Equipment 

Remarks    by    Chairman    C.    R.    Turner 

Superintendent    Work    Equipment, 

Denver    &    Rio    Grande    Western    Railroad 

We  have  completed  our  stud)  of  recommended  practice  for  braining  supervisors, 
mechanics  and  operators  to  obtain  desired  production  and  improve  operation  <»t 
roadway  machines.  Our  report  on  this  subject  is  published  in  Bulletin  8  IS  Novem- 
ber—December 1971.  The  subcommittee  chairman  was  (i.   L.  Zipperian. 

We  al>o  completed  the  first  phase  oi  continuing  Assignment  -4 — Machine  Design. 
In  Part  1  of  Bulletin  635  we  submitted  for  adoption  and  publication  in  Chapter  27 

of    the    Manual.    Axle.    Wheel    and    Huh    Specifications    for    Work    Equipment.    The 

subcommittee  chairman  was  M.  E.  Kerns. 

The  third  assignment  we  have  completed  is  Assignment  5 — Aspects  of  Data 
Processing  for  Work  Equipment  The  report  on  this  assignment   is  also  published 

in   Bulletin   6-35.   The   subcommittee  chairman   was   1".   H.    Fisher. 

Our  Assignment  2 — Improvements  to  Be  Made  to  Existing  Work  Equipment,  is 

a  continuing  one.  The  current  report  on  this  subject  has  been  completed  and 
circulated  among  the  members  of  the  committee.  The  subcommittee  chairman  is 
K.  E.  Henderson. 


Committee   28 — Clearances 

Remarks    by    Chairman    M.    E.    Vosseller 
Senior    Draftsman,    Central    Railroad    of    New    Jersey 

Committee  28*s  report  to  this  convention  will  be  brief  due  to  the  dormant 
status  of  several  of  our  assignments. 

Subcommittee  1  has  developed  a  prototype  disposable  AC1  placard  tor  in- 
on  excessive  dimension  and  or  weight  shipments  and  is  waiting  tor  arrangements 
to  be  made  to  field  test  them.  Subcommittee  3  has  searched  for  m  w  methods  and 
devices  to  obtain  the  dimensions  of  high  and  wide  shipments  and  the  clearances 
of  structures  along  the  right-of-way  and  Subcommittee  7  investigated  the  ir.isibiht\ 
of  obtaining  system-wide  clearance  surveys  by  contract.  These  three  subcommittees 
all  report  they  have  reached  a  point  where  further  progress  on  their  assignments 
will  depend  on  new  developments  in  their  areas  of  investigation  or  receiving  assM- 
ance  from  other  interested  organizations. 

Subcommittee  2  whose  responsibility  it  is  to  keep  current  the  compilation  oi 
the  clearance  requirements  of  the  various  states   has   updated   t"   Januar)    1',~2   the 
tabulation.  "Legal  Clearance  Requirement,"  ami  had  it  published  in  Bulletin 
January-February   1972 

Subcommittee    8    has    nearly    completed    the    new     drawings    tor    the    extended 

"Tables  For  Computing  Curve  Offsets  On  Overhanging  Loads''  and  hopes  to  have 
them  reviewed  by  all  of  Committee  2s.  and  subsequent!)  submitted  tor  publication, 
in  the  near  future. 

Subcommittee  9   is  developing  tli.    possibility    oi   publishing  the  h 
dimensions  for  all  cars  in  the   Railwa)    Equipment    R< 

This  being  my  last  report  as  chairman,   I   wish  to  thank  all  ■ 
Committee  2s  for  the  help  and  support  the)  bav<    given 
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during  my  term  as  vice  chairman  and  chairman.  At  this  time  I  am  pleased  to 
present  Mark  E.  Dust,  assistant  bridge  engineer  of  the  L&N,  the  next  chairman 
of  Committee  28,  and  John  E.  Cosky,  assistant  engineer,  P&LE,  the  new  vice 
chairman. 

Committee  30 — Impact  and   Bridge   Stresses 

Remarks    by    Chairman    M.    Noyszewski 
Bridge   Engineer,    Illinois    Central    Railroad 

The  report  of  Committee  30  was  presented  as  information  in  the  January- 
February  Bulletin,  No.  636. 

For  many  years,  Committee  30  has  promoted  the  use  of  computer  programs 
dealing  with  the  rating  of  equipment  and  the  analysis  and  rating  of  supporting 
structures.  To  date,  under  Assignment  4,  six  programs  have  been  written  by  Dr.  E.  N. 
Wilson,  a  member  of  this  committee,  with  funds  provided  by  the  AAR.  For  your 
ready  reference,  we  have  included  in  Bulletin  636  a  digest  of  each  of  these  pro- 
grams, noting  the  scope,  limitations  and  latest  revisions.  We  solicit  your  suggestions 
as  to  expansion,  revision  or  improvements  to  these  programs  and  your  recommenda- 
tions for  additional  programs. 

Assignment  5 — Study  Leading  Toward  the  Establishment  of  a  Consistent 
Design  Loading  for  all  Structures  Supporting  Railway  Loading,  collaborating  with 
Committees  1,  7,  8  and  15,  will  be  continued  and  expanded  in  1972  to  include 
scales  covered  under  Chapter  14 — Yards  and  Terminals.  A  draft  of  this  report  was 
published  as  information  in  Bulletin  636,  and  your  comments  will  be  considered  at 
our  June  meeting. 

Research  in  the  fields  of  concrete,  steel  and  timber  has  been  practically  non- 
existent in  the  past  two  years  because  funds  were  not  allocated  and  research 
personnel  was  unavailable  at  the  AAR  Research  Center.  Our  subcommittees  are 
functioning  on  their  assignments,  reviewing  past  research  efforts  and  formulating 
recommendations  for  renewed  efforts,  and  we  will  welcome  the  opportunity  of  again 
working  with  the  AAR  Research  staff.  We  are  aware  that  many  serious  problems 
have  been  under  study  at  the  Research  Center,  but  at  the  same  time  we  must  urge 
the  re-examination  of  industry's  needs  for  research  on  bridge  and  trestle  structures. 
The  multi-billion  dollar  investment  in  bridges  and  trestles  must  be  protected  and 
economically  replaced  as  the  need  arises. 

E.  D.  Ripple,  assistant  chief  engineer,  Long  Island  Rail  Road,  has  asked  to 
be  relieved  as  chairman  of  Subcommittee  2 — Concrete,  after  ably  serving  in  this 
capacity  for  several  years.  G.  F.  Leyh,  associate  technical  director,  Concrete  Rein- 
forcing Steel  Institute,  is  assuming  the  chairmanship. 

Committee  31 — Continuous  Welded   Rail 

Remarks    by    Chairman    B.    J.    Gordon 
Chief   Engineer— Maintenance    of    Way,    Penn    Central    Transportation    Company 

Committee  31  reported  on  three  assignments  in  the  year  1971  as  indicated 
in  Bulletin  636. 

Subcommittee  2 — Laying  of  Continuous  Welded  Rail,  published  a  statistical 
report  showing  track  miles  of  continuous  welded  rail  laid  annually  since  1933.  This 
is  published  as  information  on  page  468  of  the  Bulletin. 
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Subcommittee  4 — Maintenance  of  Contu is  Welded  Rail  reported  on  "Rec- 
ommended Field  Repairs  to  Pressure  Butt  Weld  Failures."  This  is  shown  in  1 1  • « - 
Bulletin  as  information.  However,  our  plans  are  to  submit  it  for  adoption  and 
publication    in   the    Manual   at   a    later   date. 

Subcommittee  5 — Layout  of  Fixed  and  Portable  Welding  Plants  completed 
its  assignment  and  submitted  its  final  report,  which  is  presented  as  information  in 
the  Bulletin,  pages  471  to  475. 

Committee  31  also  has  several  members  on  the  Ad  Hoc  Joint  Committee  witli 
Committee  4 — Rail,  and  welding  contractors.  The  purpose  of  this  effort  is  to  be 
able  to  make  recommendations  on  problems  relating  to  rail  straightness,  twist  and 
end  conditions  as  they  affect  the  welding  process.  A  report  is  expected  from  tin's 
special   committee   within   the  next  several  months. 

The  other  three  subcommittees  all  have  active  assignments  and  will  furnish 
reports  on  them  this  year.  We  plan  to  hold  our  early  summer  meeting  at  a  point 
on  the  Santa  Fe  Railway  in  June  and  will  witness  a  demonstration  of  an  "In-Track 
Welding  Machine"  working  on  the  Santa  Fe. 

During  1971,  Committee  31  held  two  meetings  in  Chicago  and  one  at  Nashville, 
Tenn.  The  summer  meeting  at  Nashville  was  a  joint  meeting  with  Committee  22,  at 
which  time  we  had  both  a  well  attended  meeting  and  field  trip  to  the  Louisville  & 
Nashville's  very  fine  welding  and  rail  classification  plant  located  in  Radnor  Yard 
on  the  outskirts  of  Nashville. 

R.  W.  Pember,  assistant  chief  engineer  of  the  L&N,  is  with  us  today  to  narrate 
a  film  of  the  L&N's  operation  at  this  facility.  R.  W.  Owen,  general  manager,  Sperry 
Rail  Service,  is  also  here  with  us.  We  are  indebted  to  Mr.  Owen  for  filming  tins 
operation,  so  that  it  could  be  shown  here  today.  Mr.  Owen  will  also  be  available 
to  answer  any  questions  regarding  the  rail  testing  and  classification  section  of  this 
operation. 

[The  film   was   then   shown.] 

Committee  32 — Systems   Engineering 

Remarks    by    Chairman    H.    L.    Chamberlain 
Engineer    of    Structures,    Missouri    Pacific    Railroad 

During  the  past  year  Committee  32  has  pursued  its  intention  of  exploring 
applications  of  systems  engineering  within  the  railroad  industry.  The  results  ol  this 
perusal  have  been  heartening — and  they  have  been  distressing. 

The  railroad  industry,  in  itself,  is  one  of  the  largest,  certain])  one  ol  die  most 
complex,  and  (for  lack  of  a  better  term)  one  of  the  most  necessary  iii  our  industrial- 
economic  complex.  Vet  we  lag  behind  in  application  ol  modern  and  proven  engi- 
neering and   managerial   techniques.  Your  coi ittee,  within   the  framework  ol   its 

assignments,  is  attempting  to  determine  causes  and  in  offei  concrete  solutions. 

Report  on  Assignment  1: 

This  is,  without  doubt,  one  ol  tin-  Committee's  most  difficult,  controversial  and 
intriguing  assignments.  Perhaps  we  all  believe  dial  we  know  what  sw.-ms  engi- 
neering consists  of,  what  is  its  intent  and  what  is  its  value.  Yet,  it  is  difficult  to  define 
systems  engineering  in  applicable  terms  which  are  acceptable  to  all.  The  .hs<  nssmn. 
the  research  and  the  work  continue,  lor  upon  the  sue.  ess  ol  this  effort  is  built  the 
validity  of  the  remaining  assignments  ami  the  establishment  "I  Manual  material 
Report  on  Assignment  2: 
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One  of  the  Committee's  more  valuable  functions  is  the  gathering  and  cataloging 
of   existing  systems   capability,   both   within   and   outside   the   industry.   To  this   cud 
Subcommittee  2  has  compiled  much  valuable  information  and,  through  the  committee 
membership  has  made  this  available  to  the  Association  and  its  member  roads. 
Report  on  Assignment  3: 

Perhaps  this  is  the  least  understood  of  our  assignments  and,  at  the  same  time, 
one  of  the  most  intrinsically  valuable;  to  develop  and  implement  proven  and 
powerful  engineering  administrative  systems.  The  report  of  Subcommittee  3  as  con- 
tained in  Bulletin  636  is  proof  of  the  hard  work  which  has  been  done  in  this  ana 
by  knowledgeable  and  dedicated  people. 

The  subcommittee  calls  particular  attention  to  the  paper  by  C.  E.  Law  and 
D.  C.  Lath  dealing  with  implementing  the  Critical  Path  Method  in  a  large 
organization. 

Report  on  Assignment  4: 

Progress  on  this  assignment  has  been  generally  limited  to  individual  committee 
groups   without  attempt  to  present  a  formal  report  on  progress. 

Report  on  Assignment  5: 

Activity  on  this  assignment  has  been  limited  to  committee  membership  with 
several  seminars  and  discussion  groups. 

Report  on  Assignment  6: 

The  most  detailed  and  complex  of  this  Committee's  assignments.  Much  work 
and  study  is  being  carried  out  by  the  subcommittee.  The  scope  of  the  assignment 
and  order  of  effort  are  being  evaluated  in  collaboration  with  Committees  11,  16  and 
22  and  the  appropriate  divisions  of  the  AAR. 

Report  on  Assignment  7: 

Typical  of  the  general  need  within  our  industry  for  coordination  of  effort  and 
standardization  of  criteria  is  the  subject  of  dimensional  and  weight  clearances.  To 
this  end  the  subcommittee  has  presented  a  preliminary  report  on  systems  require- 
ments of  clearance  of  high,  wide  and  heavy  loads.  It  is  hoped  that  this  report  will 
generate  response  from  the  Association  membership.  Certainly,  this  has  been  the 
subcommittee's  intent;  to  stir  comment,  provoke  thought  and  to  gain  the  cooperation 
so  essential  to  implementation  of  a  coordinated  clearance  system. 

Committee  32  in  the  year  to  come  expects  to  continue  its  present  course.  In 
addition  it  proposes  to  implement  one  of  its  first  functions,  that  of  education, 
through  planning  seminars,  symposiums  and  meetings  geared  to  involving  the 
practicing   railroad   engineer  in  systems   concepts. 

Special   Committee  on   Concrete  Ties 

Remarks    by    Chairman    G.    H.    Way 

Research    Engineer,    Engineering    Research    Projects, 

Chesapeake   &    Ohio    Railway— Baltimore   &    Ohio    Railroad 

The  report  of  the  Special  Committee  on  Concrete  Ties  is  published  in  Bulletin 
634,  September-October  1971,  pages  99-139.  This  report  is  a  draft  of  preliminary 
specifications  for  concrete  railway  ties.  Comments  and  criticism  have  been  solicited 
from  the  general  membership.  The  committee  worked  diligently  through  last  sum- 
mer to  meet  the  publication  deadline  for  this  report,  and  I  express  my  personal 
thanks  for  their  enthusiastic  cooperation. 
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Because  of  our  desire  to  prepare  a  largel)   performance  specification,  avoiding 

so  far  as  possible,  reference  to  design  or  material  specifications,  the  assignment  lias 
been  challenging  (challenging,  I  think  is  an  appropriate  euphemism  For  damned 
difficult).  Consequently,  we  have  welcomed  help  from  all  who  were  inclined  to 
offer  it. 

We  have  been  pleased  to  receive  a  number  of  comments  on  the  preliminar) 
specification.  These  have  reflected  careful  thought  and  we  feel  that  they  are  most 
useful.  The  committee  is  particularly  grateful  to  the  members  of  Committee  545  oi 
the  American  Concrete  Institute  for  their  extensive  review  and  helpful  suggestions. 

We  met  for  two  days  here  in  Chicago  during  February  to  begin  formal  considera- 
tion of  these  comments.  YVe  have  made  and  will  continue  to  make  ever)  effort  to 
evaluate  justly  the  suggestions  which  the  specification  has  generated.  Where  editorial 
modification  or  revision  helps  to  clarify  the  text  it  has  been  made. 

We  have  agreed  to  one  rather  significant  change  in  format.  In  the  preliminar) 
specification  there  is  an  article  at  the  beginning  of  Sections  3  through  8  entitled 
"Considerations."  This  article  was  intended  to  explain  the  reasons  for  the  require- 
ments specified  in  the  following  articles.  For  the  sake  of  convenience  these  will  now 
be  grouped  together  in  a  "commentary"  at  the  end  of  the  specification. 

We  are  carefully  re-examining  several  of  the  specified  test  procedures  in  an 
effort  to  make  them  less  costly  without  jeopardizing  the  integrity  of  designs  or  the 
quality  control  of  production.  In  one  specific  case  it  appears  that  we  will  be  able 
not  only  to  economize  but  at  the  same  time  improve  upon  the  reproducibilit)  of 
the  test  results. 

Lastly,  we  are  considering  at  least  two  suggestions  for  modification  of  technical 
requirements.  The  first  of  these  has  arisen  as  a  result  of  our  being  unable  to  define 
performance  tests  for  durability  and  imposing  in  their  stead  certain  arbitrary 
material  requirements.  We  feel  that  doing  so  in  a  performance  type  specification 
is  a  weakness  but  a  lesser  one  than  ignoring  the  problems  entirely. 

The  second  technical  suggestion  deals  with  lateral  strength  of  fasteners.  Here 
the  question  is  one  of  deciding  whether  we  will  demand  more  of  concrete  tie 
fasteners  than  we  are  currently  willing  to  accept  from  conventional  timber  tie 
fastenings.  Because  this  strength  is  available  and  because  lateral  strength  is  becom- 
ing increasingly  significant  we  are  inclined  to  say,  yes  we  Deed  it.  On  the  other 
hand,  we  do  not  want  to  impose  such  strict  requirements  that  other  attributes  such 
as  vertical  compliance  are  adversely  affected.  It  is  likel)  that  some  relaxation  in 
this  requirement  will  be  made. 

We  expect  that  the  revised  specification  will  be  read)  for  submission  as 
Manual   material  prior  to  the  end  of  the  coming  year. 

The  combination  of  the  personalities  and  expertise  represented  b)  the  personnel 
of  this  committee  together  with  the  interesting  assignment  we  have  been  given  has 

made   this   an   exciting  and   valuable   experience.    While   not    wishing   to   appeal    over- 

enthused  by  ad-hocism,  I  do  commend  the  philosoph)  of  bringing  together  knowl- 
edgeable  representatives  of  several  committees  to  work  jointly  on  matters  such  .e> 

this  one.   I  can  sav ,  without  fear  of  contradiction  that  we  have  yet  to  lind  the  question 

that  failed  to  stimulate  discussion,  divergent  opinion  or  debate  While  oui  con- 
clusions may  not  have  always  been  right,  they  have  never  been  reached  b\  default 
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New  Track  Standards  Will   Help  Railroads 

By   O.    H.    ZIMMERMAN 

Senior   Vice    President— Operations 

Illinois    Central    Railroad 

I'm  not  sure  I  ought  to  be  up  here  today. 

Some  public  relations  people  turn  pale  when  they  hear  that  I  haw-  myseU 
a  podium. 

When  Allen  Sams,  this  group's  chairman  and  Illinois  Centrals  vice  president 
and  chief  engineer,  asked  me  to  be  with  you  today,  I  guessed  he  wanted  me  t<>  yet 
up  here  and  talk  about  the  Federal   Railroad  Administration's  track   standards. 

And  I  guessed  right. 

I  accepted,  despite  the  fact  that  I  had — and  have — some  mixed  feelings  about 
the  new  track  standards. 

After  all,  I  am  both  an  old  switchman  and  the  Illinois  Centrals  senior  vice 
president  of  operations — the  fellow  who  has  to  give  Allen  Sams  the  hard  squint 
when  he  comes  in  and  wants  more  money  for  the  fixed  plant. 

My  feelings  are  mixed. 

Initially,    I   felt   a  bit   about   track   standards  like  one  old   man   did   about    girls. 

He  was  a  real  girl-watcher. 

When  a  friend  asked  him  about  keeping  such  close  tabs  on  the  girls,  lie  replied 
that  it  was  the  habit  of  a  lifetime.  Then  he  frowned  and  said  what  worried  him  was 
that  he'd  forgotten  what  he  watched  'em  for. 

Now,  that's  the  senior  vice  president  part  of  me. 

The  switchman  part  of  me  remembers  very  well — about  both  good  track  and 
girls. 

So,  let  me  get  it  over  with  right  away,  and  tell  all  of  you  that  I'm  all  for  track 
standards. 

And,  while  age  inhibits  my  being  more  for  girls  than  I  ahead)  am.  let  me 
hasten  to  add  that  we  may  very  well  be  in  need  of  more  stringent,  not  less  stringent 
standards  for  our  roadways. 

I,  for  one,  look  forward  to  the  time  when  workable  and  realistic  track  standards 
are  coupled  to  workable,  realistic  equipment  standards. 

This  will  keep  a  lot  of  people  from  either  ^.iviii^  or  getting  a  "tree  lunch  as 
Milton  Friedman  calls  it,  via  the  railroads. 

The  switchman  part  of  me  is  convinced  this  would  help  railroads  become  die 
new  transportation  miracle  of  the  modern  world.  The  senior  vice  president  part 
of  me  isn't  sure,  but  is  intrigued  by  some  possibilities  inherent  in  the  verj  idea  OJ 
railroading  as  it  used  to  be. 

There's  little  doubt,  anymore,  that  we've  peaked  out  in  OUl  reckless  USC  ol 
U.  S.  resources.  Our  squandering  of  treasure  and  space  in  pursuit  ol  Increasing!) 
insignificant  increments  of  time — has  to  be  at  an  end. 

The  failure  of  U.  S.  interest  in  the  SST— The  Supei  Sonic  Transport — maj  l» 
a  clue.  The  steady  risi — and  the  apparent  staying  power— of  the  en\  iionmcnt.ilb  - 
concerned    in    U.    S.    politics    heralds    something    different    fol    tins    rounds     than    the 

Age  of  die  Auto  that  has  so  dominated  transportation  tor  the  past    i<»  01    10  years. 
The  railroads,  which  arc  technological  miracles  insofai  as  work  performed  and 
environmental  impact  are  concerned,  could  I"    in  line  lor   i  bast)   revival. 
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After  World  War  II,  modal  successes  in  transportation  were  built  upon  the 
Automotive  Age's  successive  achievements.  The  state  and  federal  highway  systems 
and  the  Interstate  Highway  System  captured  most  of  the  passenger  business,  and 
seriously  diluted  the  railroads'  freight  business,  too.  The  aviation  industry  captured 
whatever  traveling  market  the  automobile  left  to  the  trains.  Such  trends,  of  course, 
ultimately  wrecked  the  Penn  Central,  and  are  going  to  wreck  the  rest  of  the  industry, 
as  privately  operated  enterprise,  unless  drastic  changes  are  made  in  public  policy. 

Perhaps  track  standards  are  not  a  bad  way  to  start  such  changes  in  public 
policy. 

If  I  had  to  guess  about  the  matter,  and  I  must  confess  I  don't  think  any  man 
really  knows,  I'd  guess  that  today's  less-than-it-should-be  rail  service  is  rooted  in 
today's  less-than-it-ought-to-be  rights-of-way. 

And  before  you  engineers  get  all  steamed  up  about  that,  let  me  hasten  to  add 
this:  the  existence  of  our  industry's  less-than-it-ought-to-be  right-of-way  probably 
owes  much  to  a  series  of  complex  executive  and  commercial  decisions.  I  doubt  that 
either  the  civil  engineers  of  the  rail  industry,  or  the  operating  men  who  do  their 
tiling  on  the  track  structures  engineers  provide  are  the  villains,  if  there  are  villains. 

If  our  track  structures  are  less  than  Uiey  should  be,  and  I  think  they  are,  such 
deficiencies  also  owe  a  great  deal  to  decisions  made,  really,  by  people  outside  the 
industry — the  manufacturers  of  locomotives  and  freight  cars,  and  the  shippers  who 
pushed  hard  for  the  sort  of  "free  lunch"  that  became  uniquely  available  on  U.  S. 
railroads  via  muscle  at  the  Interstate  Commerce  Commission,  the  Congress,  various 
state  commissions,  or  through  control  of  o!her  traffic. 

Railroads  cannot  survive  on  the  crumbs  from  the  truckers'  table.  Nor  can  diey 
survive  on  their  diet  of  tonnage  that  moves  at  a  loss.  Modal  necessity  keeps  torrents 
of  basic  agricultural,  mining,  construction  and  industrial  tonnages  on  the  rails. 
Social  and  political  pressure  insures  that  it  moves  at  a  loss. 

By  the  way,  I'm  not  alibing.  I've  been  a  part  of  it.  This  is  the  way  it  has 
appeared  to  me  for  some  time. 

Many  groups — suppliers,  builders,  and  shippers — are  often  quite  genuinely 
friendly  to  the  railroads.  They  all  appreciate  what  railroads  can  do  both  for  them 
and  the  economy.  Trying  to  help  the  railroads,  they  have  "pushed"  complex  "deals" 
whose  rates,  axle  loads,  routes,  car  sizes  and  types  and  other  mechanical,  economic 
and  operational  aspects  that  have  interfaced  poorly  with  our  fixed  plant,  our  systems, 
our  needs  for  renewal  and  our  ability  to  change. 

Many  of  tiiese  deals  came  at  a  bad  time. 

Normally,  our  civil  engineers  and  our  mechanical  engineers  might  very  well 
have  turned  thumbs  down  to  many  such  deals. 

But,  what  happened? 

Our  mechanical  engineers — the  ones  who  for  more  than  a  century  were  tire 
master  car  builders  of  the  railroad  industry — are  mostly  gone.  The  railroads  no 
longer  employ  such  people.  Economy-wave  after  economy-wave  have  all  but 
eliminated  creative  mechanical  officers  from  carrier  rosters  since  World  War  II. 

Few  railroads  still  have  creative  mechanical  engineers  interfacing  daily  with 
maintenance  of  way  engineers,  keeping  a  watch  on  the  "deals"  created  by  outside 
car  builders,   our  commercial   officers,  and  shippers. 

The  men  who  used  to  make  sure  that  track  and  equipment  were  in  harmony 
are,  largely,  gone.  Who,  now,  reflects  upon  the  long-term  economic  effects  of  new 
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services?  Who  now  weighs  the  track  and  equipment  consequences  <>t  the  competitiv* 
insights  that  are  being  painfully  achieved,  here  and  there,  by  our  operating,  traffi< 

and  marketing  people? 

So,  I  say,  we  didn't  have  the  nun  we  needed  to  follow  through  with  the  analysis 
such  deals  demanded.  Today,  such  men  are  working  for  car  builders  and  equipment- 
leasing  firms — where  they  have  a  subtly  different  view  of  such  deals,  with  little 
ability  to  assess  the  consequences  to  our  plant. 

We've  also  ignored  our  civil  engineers  for  a  long  time.  Perhaps  we've  been 
hoping  for  an  economic  miracle  that  never  came  along,  to  sufficiently  restore  the 
damage  that  may  have  been  the  result  of  our  failure  to  think  things  through. 

In  restrospect,  the  analysis  that  would  have  headed  off  the  subtle  deterioration 
of  our  fixed  plant  was  never  performed,  except  piece-meal  and  imperfectly.  There 
were,  I  am  sure,  always  compelling  reasons  why  such  analysis  could  be  ignored. 

Perhaps  we  all  were  dazed  by  the  prospect  of  continual  decline.  Perhaps  we 
just  could  not  bring  ourselves  to  analyze  the  long-term  impacts  of  such  deals  as 
we've  been  making  at  the  expense  of  our  basic  plant.  The  rail  industry's  need  oi 
revenue  became  excruciating  with  every  percentage  of  decline  in  market  share. 

And  perhaps  there  was  something  understandable  about  our  attitudes  when 
you  consider  the  decline  and  deterioration  of  the  industry's  once-awesome  investment 
in  passenger  services.  Conditioned  to  survival  by  eannibalization  of  assets  in  oui 
passenger  affairs,  our  quickness  and  superficiality  with  some  commercial  judgments 
may  be  more  understandable. 

Now,  of  course,  there  is  this  key  question: 

Would  the  industry  have  declined  faster,  and  perhaps  been  further  along  Penn 
Central's  course  if  we  had  been  more  critical  of  our  '"deals"  and  more  careful  "I 
our  fixed  plant? 

I  expect. 

We  might  have  also  been  guilty  of  some  mismanagement. 

All  of  us  are  officers  with  split  responsibility,  part  switchman  and  part  manager. 

In  an  abrasively  competitive  sense,  we  have  t<>  fighl  for  traffic,  we  have  to 
improvise  to  stay  ahead  of  the  sheriff. 

The  real  question,  of  course,  is  how  hard  do  we  compete?  How  much  do  we 
improvise?  How  much  can  fighting  and  improvising  dilute  the  qualit)  of  the  servid 
one  offers?  How  much  erosion  can  there  be  in  the  integrity  of  the  common  carriage 
one  offers?  Can  one  push  managerial  responsibility  past  the  point  oi  legitimate 
stewardship  to  shareholders?  Does  one  legitimately  starl  eroding  the  claims  upon 
properties  of  bondholders  and  others  with  fixed  claims  upon  rail  activities? 

Further,  overall,  we  may  have  also  intruded  upon  the  legitimate  interest  that 
society  has  in  our  role.  Viewed  in  this   fashion,  the  decline  oi   the   Penn  Central 

stands   as   a   warning.    It    is   a   lesson    For   roads   now    being   impacted    b)    the   pressures 

that  were  eroding  the  Pennsylvania  and  the  New  York  Central  railroads  a  quartet 
century  ago. 

As    managers   and   as   railroad    men.   and   as  citizens,    too.   we   si Id   welcome  the 

Federal  Railroad  Administration's  track  standards.  We  should  also  welcome'  intel- 
ligent, progressive  equipment  standards. 

Such   standards   provide   a   managerial   "floor"   beyond   which   , petitive   and 

eiitrepreimeiiri.il  enterprise  is  sinipK  < ■  innil>ali/at  ion  ol  .iss,  ts  The  "deals  offered 
the    railroads    can    now     be    more    shaiph     defined      m    an    ec ic     sense.     UlO,    the 

extent   to  which   railroads  themselves  can  en  it<     i  free  lunch  lor  s one  can  l» 
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somewhat  more  restricted.  This  latter  tendency  is  as  harmful  to  revenue-starved 
roads  as  the  deals  that  are  created  for  the  railroads  by  shippers  and  car  builders. 

Bad  deals,  whether  made  inside  or  outside  the  industry,  trigger  chain-reactions 
that  continue,  and  quicken,  the  downward  spiral  of  railroad  earnings  and  market 
share.  There  is  a  postponing  of  the  inevitable  day  of  reckoning  when  you  play  that 
kind  of  game.  That  reckoning,  as  it  unfolds  before  us  in  the  Penn  Central  Case, 
is  levied  against  all  railroads. 

I  say  the  Penn  Central,  and  the  industry,  have  to  stop  an  awesome  downward 
momentum. 

Can  we  survive  with  inaction?  The  collapse  of  Penn  Central  seemed  to  leave 
most  people — shippers,   communities,   unions   and  workers — intact. 

The  future  may  be  thought  secure  because  the  talk  about  nationalization 
sounds  like  someone  threatening  the  rail  managers — and  perhaps  people  figure  the 
robber  barons  will  straighten  up  and  do  what  they  should  to  put  the  rails  back 
where  they  were. 

Well,  I've  got  news  for  folks  that  believe  such  simple  stuff. 

I  know  some  pretty  substantial  railroad  people  that  think  nationalization  is 
the  only  way  to  save  the  mode  from  ruin. 

I  know  others  that  hope  that  nationalization  will  come  soon,  so  that  railroads 
can  be  rebuilt  quickly  to  fill  their  social  and  economic  function. 

I  know  of  no   shippers  that  think  this. 

I  don't  think  I  know  of  any  labor  leaders  that  really  hope  Uiis,  despite  what 
many  of  them  say  for  the  benefit  of  their  members  and  the  press. 

I   don't  know   of  any   academics   that  favor  nationalization. 

I  don't  know  of  any  truckers,  airline  or  barge  people  that  favor  nationalization. 

And  I  know  only  a  few  politicians  that  say  they're  for  nationalization  of  rail- 
roads. 

What  am  I  really  driving  at?  I  am  saying  that  good,  progressive  standards  will 
help  define  tiie  role  of  the  railroads  in  U.  S.  transportation. 

I'm  saying  this:  Sensible  standards  are  going  to  be  welcome,  and  helpful,  to 
die  industry's  managers.  The  FRA  has  done  our  engineers,  our  operating  officers, 
and,   I  believe,   our  financial  and  executive  people  a  favor — with  track  standards. 

I  know  there  are  costs  to  standards  that  apparently  threaten  both  the  budgets 
and  the  programmed  cycles  of  maintenance  in  effect  on  many  roads. 

The  initial  temptation,  when  Allen  Sams  offered  me  this  podium  today,  was 
to  plan  an  outcry,  and  to  publicly  wring  my  hands  as  I  wondered  where  Illinois 
Central  was  going  to  get  the  money  to  comply?  There  was  also  a  temptation  to  ask: 
Where  is  the  benefit  going  to  come  from  to  compensate  us  for  our  loss  of  benefit 
as  we  give  up  our  programmed  maintenance  cycles  in  order  to  conform  to  the  new 
track  standards?  It  didn't  take  me  long  to  see  that  such  an  outcry  would  be 
unrealistic. 

The  standards  will  become  a  help  to  most  of  the  industry's  leaders,  whether 
they  know  it  or  not.  Standards  will  sharply  define  the  limits  within  which  the 
"deals"  such  as  I  have  described  can  be  made.  They  will  dramatically  clarify  the 
immediate  national  interest  inherent  in  the  rail  industry's  fixed  plant. 

The  extent  and  danger  of  the  financial  crisis  that  is  growing  in  the  industry 
is  made  much  more  visible  by  the  standards.  Congress,  shippers,  labor  and  the 
public  will  soon  get  a  very  good  idea  of  what  we've  been  talking  about  for  years. 
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As  I  earlier  said:  I  am  in  favor  of  even  more  stringent  standards.  Both  the 
switchman  and  the  manager  in  me  are  convinced  that  the  quality  of  the  produd 
we  create  for  the  economy  is  directly  dependent  upon  the  quality  <>i  the  plant 
under   the   wheels   of  our  trains. 

Now,  in  all  deference  to  the  viewpoint  of  man)  engineers  and  specialists  who 
have  commented  adversely  upon  various  aspects  of  the  new  Federal  track  standards 
— let  me  say  that  one  road's  standard  may  very  well  be  another  road's  suicide. 

There  may  be  all  kinds  of  things  wrong  with  monitoring  the  standards,  with 
the  set-up  for  inspections,  record-keeping  and  recruiting  of  inspectors  themselves. 
No  doubt  we'll  be  a  long  time  hearing  the  last  of  such  differences  as  may  honestly 
exist  between  the  parties  involved  in  the  new  standards.  I,  for  one,  do  not  for  one 
second  concede  that  the  government's  interest  can  possiblj  extend  beyond  safety, 
Whin  so-called  "standards"  are  really  aimed  at  railway  aesthetics,  or  somebody's 
"druthers,"  I  think  such  standards  are  an  unwarranted  intrusion  in  our  affairs.  \n6 
I  think  we   should  fight  such  superficial  stuff. 

But,  safety?  That's  something  else.  We've  got  a  floor  underneath  which,  in  the 
name  of  common  sense,  competitive  reality  and  human  safety — well  not  allow 
either  our  own  people  or  odiers  to  "deal." 

Needless  to  say,  if  present  traffic  cannot  support  track  quality  that  now  has 
legal  definition,  we  have  compelling  new  reasons  to  give  the  regulatory  authorities 
on  behalf  of  realistic  rates.  Should  federal  inspectors  downgrade  a  railway  line — 
and  the  railroad  be  unable  or  unwilling  to  restore  the  line  to  its  former  condition — 
one  would  then  have  a  dramatic  illustration  of  why  a  downgraded  line  is  economi- 
cally indefensible — and  it  would  become  instantly  visible  to  the  parties  with  an 
interest  in  the  line. 

I  predict  a  better  time  ahead  for  those  industry  officers  who  are  charged  with 
responsibility  for  our  right-of-way.  I  also  predict  that,  in  time,  you  will  Mew  the 
FRA's   track    standards   as   helpful   rather  than   as   a   burden. 
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J.    E.    ROURKE 
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W.    R.    PAXTON 
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W.    S.    AUTREY 
Chief   Engineer   System,   Atchison,   Topeka   &    Santa    Fe    Railway 

President  A.  L.  Sams:  The  final  feature  of  this  afternoon's  session  is  a  panel 
discussion  on  the  Track  Safety  Standards  issued  in  1971  by  the  Federal  Railroad 
Administration.  The  moderator  of  the  panel  is  R.  M.  Brown,  senior  vice  president 
of  AREA  and  chief  engineer  of  the  Union  Pacific  Railroad.  Mr.  Brown,  the  meeting 
is  now  yours  and  the  members  of  the  panel. 

R.  M.  Brown:  We  have  on  our  panel  here  today  people  representing  the  indus- 
try and  the  FRA  who  have  been  involved  for  the  past  two  or  three  years  in  devel- 
oping Track  Safety  Standards.  Yet  to  come  is  the  implementation  of  these  standards. 
We  on  the  panel  have  discussed  the  problems  involved  with  these  track  standards 
quite  freely,  and  I  am  glad  to  say  that  the  FRA  people  are  really  anxious  to  know 
what  the  problems  are  and  to  answer  your  questions.  We  railroad  people  on  the 
panel  have  some  questions  we  would  like  to  throw  at  the  FRA  people,  and  the 
FRA  people  have  some  they  want  to  throw  at  us.  There  is  no  question  but  that 
Jack  Rourke  and  Bill  Paxton  of  the  FRA  are  going  to  do  most  of  the  questioning 
and  answering  even  though  they  are  outnumbered.  I  would  now  like  to  introduce 
the  panel  members.  Next  to  me  is  Mr.  John  Rourke,  director  of  standards  of  the 
FRA.  When  you  get  to  know  him,  you  call  him  Jack  instead  of  John.  Next  to  him 
is  Mr.  W.  R.  ( Bill )  Paxton,  civil  engineer,  Bureau  of  Railroad  Safety  of  the  FRA. 
Next  to  him,  is  Mr.  R.  A.  (Bob)  Lane,  assistant  director  of  transportation,  Public 
Utilities  Commission,  State  of  California.  Next  is  Mr.  P.  H.  (Howard)  Croft,  presi- 
dent, American  Short  Line  Railroad  Association.  Next  is  Mr.  E.  Q.  (Ed)  Johnson, 
assistant  general  manager  maintenance — staff,  C&O  Railway — B&O  Railroad,  and  a 
past  president  of  the  AREA.  Next  to  him  is  Mr.  W.  S.  (Bill)  Autrey,  chief  engineer 
system,  Atchison,  Topeka  &  Santa  Fe  Railway,  and  a  member  of  the  Board  of 
Direction  of  the  AREA  and  of  the  General  Committee  of  the  Engineering  Division, 
AAR. 
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I  would  like,  if  you  will  permit  me,  to  start  the  discussion  because  die  time 
is  very  limited.  We  have  to  be  out  of  here  shortl)  after  5:00  pm,  before  5  20 
because  they  must  clear  this  room  and  set  il  up  .main  for  the  REMSA  reception. 
So  with  your  permission  I  would  like  to  fire  a  question  at  Jack  and  ask  him:  \o\\ 
that  the  initial  standards  have  been  published,  how   arc  these  standards  modified? 

J.  E.  Rourke:  I  think  I  can  answer  thai  Bob,  or  I  should  answer  it.  First 
of  all,  however,  I  want  to  thank  you  all  for  coming  here  and  letting  us  state  oui 
case.  Hopefully,  during  the  week  while  Bill  and  I  arc  here  well  !><•  able  to  meet 
many  of  you  and  answer  questions,  if  we  can,  oft  the  cull.  II  we  can't,  we  will  find 
the  answers  and  send  them  to  you.  So  don't  hesitate  to  stop  us  in  the  elevator  oi 
in  the  bar,  or  anywhere  else,  and  ask  questions  if  you  have  them.  Standards  are 
modified,  Bob,  through  what  we  call  the  rule-making  procedure.  The  track  standards 
as  they  exist  now  are  regulations,  the)  are  not  legislation.  The  legislation  authorized 
the  Department  of  Transportation  to  issue  track  standards.  What  we  have  now  are 
rules.  These  are  modified  through  the  rule-making  procedure.  Any  individual — and 
by  that  I  mean  an  individual  person,  a  corporation,  or  a  labor  union — can  petition 
the  Federal  Railroad  Administrator  for  a  rule  change.  If  it  appears  that  there  is 
sufficient  reason  to  consider  the  petition,  die  Administrator  will  cause  it  to  be  pub- 
lished in  die  Federal  Register.  R  then  becomes  a  public  docket.  We  would  give 
30  days  or  more  for  comment,  hold  a  hearing  if  requested,  and  then  make  a  decision. 
But  it  is  not  an  adversary  proceedings.  R  is  a  rule-making  procedure,  and  this  is 
what  is  going  to  keep  our  track  standards  alive,  Bob,  and  panel  members,  and 
subject  to  changes  in  technology  as  they  come  along. 

R.  A.  Lane:  May  I  ask  a  question  at  this  juncture?  Generally,  you  have 
the  ride-making  procedure,  but  suppose  we  out  in  California  run  across  a  situation 
that  we  think  needs  almost  instant  relief.  Can  we  write  you  a  letter  and  expert  t.. 
get  instant  adjustment? 

Mr.  Rourke:  Bob,  if  it  requires  instant  relief,  I  think  a  telephone  call  would 
be  faster.  The  emergency  provisions  of  the  Act  apply  to  the  states.  In  other  words. 
we  can  take  action  under  an  emergency  condition  that  presents  a  significant  hazard 
to  the  public  or  to  the  employees  without  going  through  the  rule-making  procedure. 

Mr.  Lane:  Do  you  have  in  mind  any  particular  changes  in  the  current  standards 
before  they  go  into  effect? 

Mr.  Rourke:  We  are  getting  all  kinds  of  comments.  We  are  analyzing  whit 
comments  we  have.  Of  course,  parts  of  the  standards,  Bob,  go  into  elicit  in  October, 
other  parts — the  tie  requirements  and  the  geom<  stric  standards-  a  year  from  October. 
If  we  are  convinced  that  there  is  need  for  modification  we  will  considei  i' 

E.  Q.  Johnson:  May  I  ask  a  question  of  Hob  Lane.  What  is  the  nature  of  the 
emergency  situations  you  are  referring  to? 

Mr.  Lane:  Well,  I'm  not  sure  at  the  moment.  This  thing  is  new  as  you  know, 
and  it  is  still  in  the  embryo  stage,  so  to  speak.  We  don't  know  what  developments 
might  arise;  there  can  be  some.  We  have  emergencj  situations  that  come  up  .di- 
stantly. We  do  have  at  home  in  California  means  oi  taking  care  oi  then,  imme- 
diately, and  this  is  what  I  had  in  mind— a  procedure  that  would  not  be  formalized 
but  rather  would  be  informal.  If  we  run  mi.,  these  situations,  we,  and  the  carriers, 

too,  can  get  relief  as   needed.  This   I  think   can   he  important.    I   .  an't   .it,    an  example 

at   the  moment,  but  I  don't  imagine  it  would  be  hard  to  find  one  as  soon  as  tit. 
rules  go  into  effect. 
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W.  S.  Autrev:  We  have  an  effective  date  of  October  for  part  of  the  standards, 
and  then  we  have  October  of  next  year  for  the  other  part.  How  is  FRA  preparing 
to  enforce  these  standards,  Mr.  Paxton  or  Mr.  Rourkc? 

W.  R.  Paxton:  I  think  it  would  be  useful  to  talk  a  little  bit  about  the  BRS 
for  the  benefit  of  those  people  who  have  not  had  an  opportunity  to  become 
acquainted  with  the  Bureau  in  the  past.  In  addition  to  the  responsibility  for  the 
enforcement  of  the  regulations  promulgated  under  the  Safety  Act,  the  Bureau  of 
Railroad  Safety  also  has  the  responsibility  for  the  administration  and  enforcement 
of  nine  other  specific  acts — the  power  brake  law,  the  hours  of  service  law,  locomo- 
tive inspection  act,  etc.  To  do  those  functions  we  have  an  existing  field  organ- 
ization composed  of  eight  operating  regions,  and  we  propose  to  build  on  that 
structure  for  our  track  inspectors.  We  hope  to  have  by  October  a  track  engineer  at 
each  of  the  regional  headquarters,  supplemented  with  track  inspectors. 

Mr.  Johnson:  Bill,  along  diat  line,  how  many  states  have  been  certified?  How 
many  do  you  expect  will  ask  for  certification?  What  are  the  qualifications  or  require- 
ments for  state  certification? 

Mr.  Paxton:  There  are  really  no  fine  guidelines  on  state  certification.  Our 
initial  inquiry  on  state  certification  went  out  about  a  year  ago  to  each  of  the  gov- 
ernors. We  had  34  reply  in  the  affirmative,  that  is,  that  they  would  be  interested  in 
participating  under  the  Act;  six  states  were  "maybe;"  and  the  rest  indicated  in  the 
negative.  Since  that  time  we  have  asked  for  additional  information  from  those  states 
that  indicated  their  willingness  to  participate,  asking  for  statistical  information  on 
the  railroads  operating  in  the  state — the  number  of  miles,  bridges,  tunnels,  etc. 
Also,  their  legal  responsibility  under  their  own  state  laws,  if  diey  have  authority  to 
assist  us  in  this  Act,  and  to  give  us  the  organization  and  the  qualifications  of  the 
people  they  plan  to  use  as  track  inspectors.  At  the  present  time  we  have  had  21 
replies  from  that  inquiry,  but  to  date  there  has  been  no  certification.  We  are  just 
going  over  those  now. 

Mr.  Johnson:  Do  you  anticipate  setting  up  some  guidelines  for  the  qualifica- 
tions of  the  state  inspectors  if  they  are  certified? 

Mr.  Paxton:  Yes,  we  are. 

Mr.  Johnson:   But  you  haven't  yet. 

Mr.  Paxton:   We  are  discussing  it  witii  our  legal  people  now. 

Mr.  Lane:  You  were  talking  about  enforcement.  Can  you  go  into  further 
detail?  What  is  your  program  for  enforcement  on  the  federal  level  and,  if  the  state 
takes  on  the  burden,  at  the  state  level? 

Mr.  Paxton:  What  we  propose  to  do  is  supplement  our  regional  offices  with 
enough  people  to  monitor  the  carriers'  activities  in  this  regard.  We  will  be  making 
inspections  on  a  frequency  of  approximately  1  percent  of  carrier  inspections.  Boiling 
that  down  to  track  miles,  we  will  probably  look  at  a  piece  of  track  about  once  every 
two  years.  Of  course,  accident  records,  previous  inspections,  etc.,  will  give  us  guide- 
lines on  where  to  spend  our  efforts,  as  will  the  same  criteria  guide  you  in  spending 
your  maintenance  dollars.  One  thing  I  do  want  to  point  out  that  if  a  state  is  certified 
and  they  have  the  qualifications  necessary  to  perform  all  the  investigative  and  sur- 
veillance activities  under  the  Act,  we  will  not  have  federal  inspectors  in  that  state. 

Mr.  Rourke:  I  think  that  is  a  significant  point,  Bill,  and  I  hope  it  got  across. 
You  won't  have  dual  inspections.  It  will  either  be  by  state  personnel  or  by  federal 
personnel,  but  not  by  both. 
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P.  II.  Croft:  Jack,  a  double-headed  question:  A  Dumber  of  our  membei  mads 

arc  what  are  known  as  captive  or  in-housc  roads — industry  roads.  Now,  what  does 
it  mean  when  you  say,  "inside  an  installation  which  is  not  a  part  of  the  general 
railroad  system  of  transportation,"  and  relate  that  to  the  Williams-Steiger  V  I 
or  OSHA? 

Mr.  Rourke:  That  sure  is  a  double-headed  question,  Mr.  Croft.  Inside  an 
installation  not  associated  with  the  general  railroad  system  of  transportation  means 
industrial  plants  such  that,  while  their  carloads  do  move  in  interchange  and  do 
move  in  general  commerce,  their  switching  activities  arc  not  connected  with  th< 
general  through  movement  of  railroad  transportation.  However,  let  me  warn  you 
that  we  would  consider  that  a  through  track  is  covered  by  die  FRA  stand, mis. 
In  other  words,  if  you  had  a  by-pass  track  or  a  track  that  goes  through  the  installa- 
tion, that  would  be  covered  by  die  standards,  whereas  perhaps  the  sidings  and  tin 
industrial  trackage  wouldn't.  Now  you  bring  up  the  Williams-Steiger  or  Occupa- 
tional Safety  and  Health  Act.  I  really  don't  want  to  say  too  much  about  it,  except 
that  that  Act  could  come  into  play  if  our  track  standards  do  not.  The  Department 
of  Labor  could,  in  an  industrial  plant,  implement  our  track  standards,  causing 
whoever  owns  the  trackage,  whether  it  be  the  industry  or  a  railroad,  to  complj 
with  the  standards,  even  though  FRA  or  DOT  has  specifically  exempted  such 
trackage.  The  Occupational  Safety  and  Health  Act  aspects  other  than  that,  unless 
there  are  specific  questions,  I  would  just  as  soon  leave  in  the  unknown. 

Mr.  Croft:  Jack,  am  I  correct — and  you  know  our  varied  membership — am  I 
correct  when  I  say  if  you  don't  come  under  FRA,  you  are  going  to  come  under 
OSHA? 

Mr.  Rourke:  Not  necessarily,  as  far  as  track  standards  are  concerned.  OSHA 
has  not  made  any  move  to  my  knowledge  to  adopt  FRA's  track  standards. 

Mr.   Croft:    Another   loaded   question:    Do   you   anticipate   that  they  will? 

Mr.  Rourke:  There  has  been  an  indication  in  the  past  couple  of  weeks  that 
they  will.  However,  FRA  can  pre-empt,  can  move  in,  and  extend  its  jurisdiction 
to  industrial  properties.  This  presents  quite  a  problem  to  us.  A  lot  of  this  industrial 
trackage  should  not  have  to  meet  even  the  standards  of  Class  1  track.  We  need 
some  language  and  we  need  some  help  from  you  people  to,  perhaps,  draft  standards 
that  would  apply  to  industrial — purely  industrial  trackage.  You  are  all  aware, 
of  course,  of  the  OSHA  regulations  that  say  you  have  to  have  derails  between  each 
car  that  is  being  actively  worked  on  a  siding.  In  other  words,  it  you  have  three 
cars  loading  or  unloading  and  they  are  separated,  you  have  to  have  derails  between 
each  one.  Some  of  these  things  we  understand  are  not  particularly  realistic  when  you 
look  at  them  as  railroad  people,  and  I  think  you  will  find  the  FRA  going  to  the  Fed- 
eral Register  in  a  couple  of  weeks  with  an  advance  notice  of  rule  making,  saying  that 
we  are  going  to  exercise  our  jurisdiction  in  occupational  safety  areas  and  looking 
for  language. 

Mr.  Croft:  As  a  matter  of  information  to  the  group,  Jack  is  well  aware  «'t 
it,  we  had  an  OSHA  inspector  on  one  of  our  lines  that  did  request,  or  state.  01 
demand  that  derails  he  placed  between  loading  facilities  at  a  warehouse.  He  said 
there  should  he  a  derail  between  each  door  of  a  si\-dnor  warehouse. 

Mr.  Rourke:  I  am  aware  of  that.  As  information  to  you  people  the  Department 
of  Labor  is  working  cooperatively  with  us.  They  are  sending  us  the  railroad-related 
complaints  and  letting  us  at  least  advise  them  on  the  handling  of  them.  That's  about 
where  it  stands. 
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Mr.  Brown:  To  elaborate  on  this  inspection  a  little  further:  If  a  state  is  to  be 
certified  to  handle  FRA  inspection  for  track  standards,  is  the  state  going  to  be 
required  to  inspect  strictly  to  the  FRA  standards  or  can  it  impose  and  enforce  stand- 
ards that  are  more  restricting  than  those  of  FRA? 

Mr.  Lane:  The  way  we  see  it  is  that  the  FRA  standards  would  be  the  minimum 
and  the  state  could,  in  specific  cases  in  connection  with  a  local  need,  have  some 
stricter  rules.  Our  approach  to  it  in  die  state  of  California — I  might  say  at  this 
juncture  that  I  am  speaking  for  myself  and  not  for  any  member  of  our  commission — 
our  approach  to  it  would  be  one  of  prevention.  We  would  work  with  the  railroads 
under  the  inspection  requirements  of  the  FRA  minimum  standards.  We  would  check 
to  see  that  the  railroads  are  making  the  inspections  and  taking  whatever  corrective 
action  is  reported  to  be  necessary.  Our  basic  operation  would  be  much  as  it  is  now 
with  our  rail  carriers.  We  work  with  them  cooperatively.  The  programs  we  have 
had  in  California,  not  only  on  safety  but  on  many  odier  diings,  have  worked  very 
well.  This  idea  of  enforcement  as  such  is  rather  foreign  to  us.  We  would  rather 
work  cooperatively,  and  in  the  area  of  safety,  the  code  word  would  be  "prevention." 

Mr.  Croft:  Bob,  that  word  "local"  in  the  original  law  and  in  testimony  before 
the  House  came  about,  as  I  recall,  to  allow  towns  to  set  speed  limits.  The  word 
"local"  as  I  understand  it,  means  just  for  a  town,  and  to  stretch  that  word  "local" 
out  for  a  larger  geographical  area  would,  I  think,  be  in  conflict  with  the  law  and 
its   legislative   history.   What  do  you  interpret  "local"   to  mean? 

Mr.  Lane:  Whatever  would  be  a  local  problem.  Speed  is  one  of  them.  In  Cali- 
fornia none  of  the  local  jurisdictions,  as  we  see  it,  has  any  authority  over  speeds  of 
trains.  That  rests  fundamentally  with  the  California  Commission.  So  a  local  problem 
comes  back  to  us  in  any  event. 

Mr.  Brown:   Jack,  would  you  or  Bill  care  to  comment  on  that? 

Mr.  Rourke:  I  have  no  problem  with  Bob's  answer  to  the  question.  His  inter- 
pretation is  fine. 

Mr.  Autrey:  Could  I  pursue  that  just  a  little  bit?  It  is  my  understanding  that, 
if  FRA  standards  would  apply,  for  example,  on  a  line  that  requires  inspection  once 
a  week  by  FRA  standards,  a  state  could  not  come  in  and  say  that  line  has  to  be 
inspected  daily.   Is  that  a  fair  statement? 

Mr.  Rourke:  That  is  correct. 

Mr.  Autrey  :   And  other  similar  rules  would  be  handled  in  the  same  way? 

Mr.  Paxton:  That's  right,  Bill.  The  local  requirements,  the  justification  for 
more  strict  standards  in  a  state  are  quite  specific  in  the  law. 

Mr.  Rourke:  Don't  forget  though  that  in  areas  in  which  FRA  does  not  address 
itself,  for  instance,  clearances,  and  grade  crossings,  and  even  ballast  sections,  the 
states  are  free  to  write  their  own  standards. 

Mr.  Johnson:  Are  the  states  required  to  make  any  sort  of  a  showing  as  to  the 
necessity  for  stricter  standards  or  is  it  wholly  their  prerogative  to  set  them 
arbitrarily? 

Mr.  Rourke:  The  states  would  be  required  to  go  through  a  rule-making  proce- 
dure— PUC  hearings,  hearings  before  die  state  department  of  transportation  or 
whatever  you  have  in  the  state,  and  certainly  both  sides  would  be  heard.  It  would 
be  about  the  same  as,  for  instance,  their  writing  of  clearance  specs  right  now. 

Mr.  Brown:  So  far  this  has  been  strictly  a  panel  discussion,  but  it  has  covered 
a  lot  of  the  questions  I  know  you  fellows  had  in  mind.   A  lot  of  things  that  you 
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were  worrying  about  possibly  have  been  clarified,  but  I  would  like  to  get  .1  few 
questions  from   the  floor. 

Question  from  Floor:  I'd  like  to  address  a  question  to,  probably,  Hill  Paxton 
— two  questions,  really.  How  many  federal  inspectors  do  you  anticipate  having  in 
the  field  by  the  October  1972  deadline?  The  second  question,  which  is  related  to 
that,  is  what  training  or  qualifications  are  required.  I  understand  you  have  some 
training  at  the  University  of  Illinois  for  them. 

Mr.  Paxton:  Unfortunately,  I  can't  give  you  the  number  of  federal  inspectors 
we  will  have,  primarily  because  this  is  dependent  upon  the  number  of  states  that 
come  in  and  are  certified.  Totally  we  are  thinking  of  about  73  for  the  whole 
country,  which  would  include  federal  and  state  inspectors.  As  far  as  the  training  is 
concerned — from  the  federal  point  of  view,  our  inspectors  will  have  to  have  enough 
experience  that  training  per  se  will  not  be  necessary,  only  an  indoctrination  in  the 
interpretation  of  the  standards  and  how  they  are  to  be  applied.  We  do.  however, 
intend  to  carry  this  on  through  our  regional  engineers  who,  incidentally,  we  will 
have  in  every  region  regardless  of  state  participation.  These  regional  engineers  will 
have  the  responsibility  to  monitor  the  states'  activities  and  also  to  see  that  they  have 
this  indoctrination  in  the  federal  track  standards. 

Mr.  Lane:  I  would  like  to  add  a  little  more  to  your  answer  if  1  may  because 
this  seems  lo  be  a  good  point  to  put  it  in.  In  this  problem  of  getting  an  inspection 
force  there  is  the  matter  of  funding.  And  in  this  situation  of  funding  under  the  Act. 
the  FRA  may  pay  the  state  up  to  one-half  of  what  the  state  is  spending  now  after 
it  has  done  the  job.  For  while  we  have  people  who  are  competent  to  handle  this 
work,  we  don't  have  enough  people  to  cover  the  added  work,  or  added  job.  and 
our  problem  is  to  talk  with  FRA  to  get  the  funding  in  advance  SO  that  we  can 
meet  the  FRA  requirements  with  the  people  that  will  be  necessary  to  do  the  job. 
I  don't  think  California  is  alone  with  that  problem,  there  must  be  other  states  that 
have  the  same  problem.  You  fellows  may  have  some  influence  in  that  area,  talking 
to  the  people  who  handle  these  funds,  because  if  this  program  is  to  go  ahead  and 
if  you  want  it  to  go  ahead,  I  think  the  funds  that  are  available  must  be  dispensed 
so  the  people  who  are   going  to  do  the  job  will   have  the  funds  available  to  do  it. 

Question   from   Floor:    How    will   you  arrange  for  the  inspectors  to  go  ovei 

the  lines  of  the  railroads? 

Mr.  Paxton :  We  expect  that  our  inspectors  will  contact  the  responsible  rail- 
road officials  and  ask  them  to  accompany  them  on  their  inspection.   Incidentally, 

those  of  you  who  are  familiar  with  the  Signal  Inspection  Act  are  well  aware  of  the 
operation  of  federal  inspectors  on  your  properties  and  their  methods  ol  inspection. 
We   intend  to  apply   track   inspection   in   a  similar  manner. 

Mr.  Lane:  I  can  add  that  our  approach  to  this  problem  has  been  this  way: 
When  we  go  out  on  any  of  these  inspections  on  the  railroads,  we  contact  the  rail- 
road official  who  has  the  particular  area  we  want  to  inspect  under  his  surveillance 
and  take  him  with  us.  We  never  go  alone  on  an  inspection.  Railroad  officials  aii- 
always  along.  That   is  part   of  our  cooperative  program. 

Mr.  Rourke:  I'll  bet  someone  has  a  question  about  the  numb  r  of  ties  required 
under  joints. 

Question   from   Floor:    I   have  a  lot   of   questions,  hut   1   won't   ask   that   one 

since    you've   clone   a    fairly   good    job   of  explaining    it    to   m>    satisfaction.    I    am    wait 

ing,  however,  until   I  see  something  in  print   thai  sa\s  that  we  do  01  don't  support 
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a  joint  with  one  tie,  two  ties,  or  three  ties.  But  in  a  serious  vein,  since  this  has 
been  raised,  the  FRA  track  standards  as  now  written  say  that  in  Class  4,  Class  5 
and  Class  6  track  there  has  to  be  at  least  two  non-defective  ties  under  a  joint. 
We  have  been  concerned  about  a  situation  which  has  developed  on  our  railroad, 
and  on  many  other  railroads  in  the  country,  over  the  past  25  years,  stemming  from 
the  discontinuance  of  the  practice  of  respacing  ties  coincident  to  a  tie  renewal  or 
a  rail  relay  operation.  The  joints  fall  where  they  may,  dictated  by  the  length  of  rail 
rather  than  the  number  of  ties  that  might  or  should  be  under  a  joint.  And  this  has 
resulted  in  many  cases — an  estimated  count  of  195,000  instances  on  my  railroad — 
where  four-hole  angle  bars  are  supported  by  only  one  tie,  period.  Now  if  we  were 
to  apply  the  strictest  interpretation  of  the  rule,  we  would  be  in  violation  of  the 
rule  by  not  being  able  to  have  two  non-defective  ties  under  a  joint  when  there  is 
only  one  there  in  the  first  place.  Would  you  care  to  elaborate  on  what  was  the 
FRA's   author's   intention  with   respect   to   this  specific   instance? 

Mr.  Paxton:  We  intend  to  come  out  with  definitions  or  descriptions  to  take 
care  of  this.  For  the  purposes  of  this  section  we  have  defined  the  non-defective  tie 
requirements  in  the  joint  area  for  a  suspended  joint  as  the  two  ties  immediately 
adjacent  to  the  rail  ends.  For  the  supported  joint  it  is  the  tie  directly  under  the 
joint  and  either  of  the  two  shoulder  ties. 

Question  from  Floor:  When  do  the  penalties  take  effect  if  you  find  a 
violation? 

Mr.  Rourke:  I  don't  think  Uncle  Sam  is  going  to  get  rich  on  penalties.  Mac 
Rogers'  policy  in  enforcement  of  all  the  regulations  has  been  one  of  reasonableness, 
and  I'm  sure  it  is  going  to  carry  through.  I  don't  have  anything  to  do  with  the 
Bureau  of  Railroad  Safety  or  enforcement  per  se.  But  I'm  sure  they  are  not  going 
to  walk  out  on  your  property  one  day  and  find  one  too  many  defective  ties  per  rail 
length   and  fine  you  $2500.   Other  than  that  I  can't  give  you  much  of  an  answer. 

Mr.  Paxton  :  We  really  haven't  gone  into  eidier  a  schedule  of  penalties  for 
violation  of  certain  sections  or  time  of  compliance.  However,  you  are  well  aware 
of  the  Signal  Inspection  Act,  and  the  activity  of  the  inspectors  under  that  Act, 
noting  defects  which  are  possible  violations  and  only  indicating  on  the  notification 
that's  given  to  the  carrier  that  it  has  30  days  to  make  the  corrections.  They  have 
even  given  additional  time  where  the  carrier  has  written  and  suggested  that  more 
time  be  allowed  for  the  purchase  of  materials,  etc.  At  least  initially,  that's  our 
thinking. 

Mr.  Rourke  :  Actually,  we  feel  the  standards  are  so  lenient,  we  won't  find  any 
violations   anyway. 

Question  from  Floor:  I  understand  you  are  in  the  process  of  drafting  bridge 
inspection  standards.  We  have  tracks  on  bridges.  Do  the  FRA  Track  Safety  Stand- 
ards apply  to  all  the  tracks  on  open-deck  trestles  and  bridges? 

Mr.  Rourke:  First,  we  are  not  in  the  process  of  drafting  any  bridge  inspection 
standards;  that's  a  misapprehension.  Secondly,  the  track  standards  do  apply  to 
bridges,  open  deck  or  any  other  type  of  bridge. 

Mr.  Johnson:  I'd  like  to  get  back  to  Bill's  answer  to  the  question  on  joint  ties 
— his  answer  about  the  interpretation  of  the  rule.  Do  I  gather  the  rule  will  be  revised 
or  you  will  have  a  book  of  interpretations? 

Mr.  Rourke:  Right  now  we  could  write  an  encyclopedia  on  interpretations. 
No,   the   rule   isn't  going  to  be  revised.   We  simply  want  to  clarify  what  we  mean. 
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As  Bill  said,  a  fully  supported  joint  requires  a  tic  under  the  rail  cuds  and  one  ol  the 
two  shoulder  tics   in  Classes  4  through   (>  track. 

Mr.  Johnson:  I  understand  that,  hut  how  will  such  information  be  disseminated? 

Mr.  RovnKb::   We  arc  going  to  have  to  clarifj   some  ol   tin'  language  in  some 

of   the   sections.   At  that   time   it   will   hi'  clarified   with   diagrams. 

Mr.  Brown:  Jack's  comment  that  lie  doesn't  think  any  of  the  railroads  in  the 
country  have  tracks  that  are  in  violation  with  the  standards  as  written  should  have 
drawn  some  comment. 

Mr.   Autrey:    There's   a   section   on    fully   bolted   angle   bars,   where   they   are 

applied  to  detail  fractures,  for  instance.  Several  of  us  apply  joints  bars  to  a  detail 
fracture  when  the  detector  car  finds  one.  This  is  not  a  broken  rail,  it  is  a  continuous 
rail.  It  may  he  a  continuous  welded  rail.  The  rail  is  good;  there's  no  hreak  and 
there's  no  fracture.  The  bars  are  applied  simply  as  a  safety  measure,  and  the 
standards  require  that  the  bars  he  fully  bolted.  Do  you  anticipate  that  this  may  hi' 
changed  to  permit  less  than  fully  bolted  angle  bars  and  permit  the  same  speed  until 
the  rail  actually  fails? 

Mr.  Paxton:  The  importance  of  rail  and  the  hazards  connected  with  rail 
defects  are  painfully  evident  when  you  look  at  the  train  accident  statistics.  Nearl) 
30  percent  of  all  the  track-caused  acciden.s  arc  due  to  broken  rails,  with  the  result- 
ing damage  in  property,  track  and  equipment  amounting  to  some  $14  million.  So  I 
think  we  have  a  common  purpose  in  describing  rail  defects.  There  are  disagree- 
ments on  how  to  make  corrections  and  a  time  of  compliance  or  a  time  of  renewal. 
We  are  well  aware  of  this.  In  fact,  a  number  of  railroads  have  already  called  our 
attention  to  this  situation  and  it  is  being  considered. 

Mr.  Rourke:  This  brings  up  a  basic  problem  in  writing  regulations  to  start 
with.  We  want  to,  somehow,  in  standards  that  we  issiu — and  I'm  responsible  for 
not  only  track  but  equipment,  employee  qualifications,  anything  that  comes  out  ol 
FRA  standards  development — we'd  like  to  get  some  way  to  put  the-  responsibility 
on  qualified  people  to  make  the  judgment.  So  far  we  haven't  been  able  to  do  this. 
and  have  it  in  regulation  form.  What  it  really  boils  down  to  is  making  a  performance 
standard,  not  a  definition-of-a-defect  type  of  standard.  We  are  working  toward  that 
end,  and  are  working  real  hard,  I  might  say.  We  have  the  tool  of  rule-making  rather 
than  legislation  to  modify  standards  so  that  the  standards  arc  alive  and  can  he 
worked  on  and  modified  as  we  improve  our  techniques  and  as  technology,  etc.  come 

to  assist  us  in  writing  better  regulations.  If  we  talk  about  the  number  ol  ties  per  rail 
length,  we  completely  ignore  the  girder  strength  of  the  rail.  We  don't  have  that 
knowledge  right  now.   Some  time  in  the  Future  we'll  come  out  with  performance 

standards  that,  while  they  won't  he  as  lenient  as  these  are.  would  he  better  adaptable 
to  today's   railroad  operations. 

Now.  I've  had  comments  from  all  over  the  United  States.  A  lot  ot  the  people 
here  have  shown  me  trackage  from  coast  to  coast  and  border  to  bordei  on  track 
motor  cars,  highway-rail  automobiles  and  husiness  cars  and  I've  heard  lets  ot  ques- 
tions  such    as:    Win    did   we   end    up   with   zero   to    Id   mph   for  Class    ]    trackage   and 

what  arc  we  yoinu  to  do  with  the  defects  Found  l>\  the  Sperrj  cars,  shut  the  railroad 
down  to  1()  mph?  You  people  are  awfully  quiet 

Question  from  Fuoor:  The  \.\H  did  pul  considerable  effort  Into  drafting 
what  they  Felt  were  practical  track  safet)  levels.  The)  had  experts  in  the  Held  to 
do  this,  of  course.   Win   did  the  FRA  not   accept  the  work  -.1  these  experts?  Whj 
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did  the  FRA  tighten  so  many  of  their  own  regulations  over  and  above  what  these 
AAR  experts  knew  from  long  years  of  experience  in  the  field  were  safe  rules? 

Mr.  Rourke:  About  five  weeks  ago  I  was  here  in  Chicago  talking  to  RSMA.  The 
subject  of  the  talk  was  the  gestation  of  the  track  standards,  how  they  were  con- 
ceived and  put  together  and  how  hard  they  were  "aborning."  One  of  the  statements 
that  I  made  then  and  that  I'll  make  again  now  is  that  we  have  learned  a  hell  of 
a  lot.  FRA  received  a  document  from  AAR — recommended  track  maintenance  prac- 
tices. We  looked  it  over.  We  didn't  diink  much  of  it  and  then  proceeded  to  write 
our  own  standards.  The  longer  we  worked  on  our  own  standards  the  more  we 
realized  that  perhaps  the  industry  did  have  a  little  bit  of  knowledge  out  there.  So, 
as  I  said,  one  of  the  remarks  I  made  was  that  we  learned  a  hell  of  a  lot.  Now,  as 
to  your  comment  about  FRA  tightening  up  AAR  standards:  We  didn't  tighten  up. 
We  left  out  an  awful  lot  that  AAR  had  in  as  recommended  practice.  I  don't  think 
that  our  standards  are  materially  tighter  than  AAR's  recommendations. 

Comment  from  Floor:  I  think  you  could  get  a  lot  of  argument  from  quite 
a  few  people  about  that.  I  would  say,  though,  that  the  consideration  that  you  are 
now  giving,  the  trips  you  have  made  around  the  country  talking  to  the  railroad 
people  about  these  tilings,  would  indicate  that  there  is  a  good  chance  that  the  two 
sides  will  come  a  lot  closer  together.  I  do  think  yours  are  tighter.  I  tiiink  possibly 
one  of  the  areas  of  much  concern  which  is  still  quite  different  is  the  description  of 
rail  defects  and  how  you  handle  them.  Another,  of  course,  is  ties,  and  maybe  you 
have  resolved  some  of  that. 

Mr.  Rourke  :  Yes,  we  are  listening  to  everyone  who  wants  to  talk  to  us.  But 
what  we  need,  and  I'll  say  this  again,  is  language.  We  simply  cannot  modify  the.se 
standards  without  good  reason.  So  we  need  help,  we  need  to  be  told  from  your  ex- 
perience, from  your  knowledge,  what  constitutes  a  serious  defect  and  what  should 
shut  the  railroad  down  and  what  can  be  run  over  at  X  number  of  miles  per  hour. 
But  we  are  wide  open  now  to  input  from  any  and  all  of  you.  We  have  no  docket, 
we  have  nothing  in  writing,  so  it  can  be,  and  is  legally  a  free  and  open  channel 
of  communication. 

Mr.  Johnson:  I'd  like  to  ask  Jack  a  question  about  passenger  train  speeds.  We 
frequently  now  operate  districts  with  a  separate  higher  speed  for  passenger  trains. 
Is  there  any  thought  being  given  to  incorporating  this  in  the  standards? 

Mr.  Rourke:  Right  now  the  standards  specify  track  speeds,  and  they  apply 
to  passenger  equipment  as  well  as  freight  equipment.  We  are  looking  for  language. 
If  it  is  a  fact  that  passenger  equipment  and  certain  locomotives  can  be  operated 
at  a  higher  speed  over  the  same  classification  of  tracks,  someone  had  better  tell 
us,  and  tell  us  how.  I  know  it's  been  past  practice,  but  the  engineering  escapes  us. 

Mr.  Johnson:  Jack,  along  this  vein,  what  are  your  thoughts  as  to  how  the 
inspection  people  are  going  to  see  that  the  railroads  are  complying  with  the  speed 
regulations? 

Mr.  Rourke:  Ed,  I  have  to  say  we  are  not  policemen.  We  figure  that  your 
managements  will  control  the  speed  restrictions  that  your  managements  place  on 
the  track.  We're  not  going  out  there  with  radar,  and  so  forth  and  so  on. 

Mr.  Johnson:  You  are  not  talking  then  about  the  placing  of  recorders  and 
that  sort  of  thing  at  all? 

Mr.  Rourke:  I  can  see  an  awful  lot  of  smiles  out  there.  They  would  love  to 
see  them,  but  that  is  not  a  part  of  track  standards  development.  No,  Ed. 
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Mr.  Paxton:  I  might  just  add  a  comment.  Our  people  will  not  be  equipped 
with  radar  or  anything  else  to  police  the  speed  restrictions  that  an  placed  on  tracks. 
We  will  look  at  the  timetables,  the  slow  orders,  the  special  instructions,  and  we  will 
be   governed   according  to   the   maximum   speeds   they   authorize. 

Mr.  Croft:  Bill,  wouldn't  it  be  fair  to  say  that  the  bases  for  inspection  b\ 
your  people,  or  our  people,  are  going  to  be  complaints  from  responsible  sources,  etc. 

Mr.  Paxton:  A  considerable  amount  of  our  work  will  be  involved  with  com- 
plaint  investigation,   and   accident   investigation,   of  course. 

Mr.  Johnson:    I  did  hear  you  say  from  "responsible  sources,"  did  I  not? 

Mr.  Rourke:  Again,  Mac  Rogers'  policy  is  to  sift  the  complaints  down  to 
responsible  complaints.  If  we  have  five  or  six  or  a  dozen  complaints  about  an 
activity  in  a  given  location,  then  we  will  certainly  investigate  it.  But  if  rough  track 
is  keeping  a  flagman  awake  in  his  caboose,  I'm  sorry  for  him. 

Mr.  Brown:  Jack,  one  of  the  things  that  tightened  up  in  the  FRA  standards 
as  compared  to  the  AAR  recommended  standards  was  the  inspection  of  track.  The 
FRA  track  inspection  rules  as  now  written  are  hard  to  live  with.  As  the  FRA  rules 
are  now  written,  a  track  inspector  can  inspect  track  from  Point  A  to  Point  B  today 
but  can't  inspect  from  Point  B  to  Point  A  tomorrow  because  the  rules  specify  that 
he  can't  inspect  the  same  track  on  two  consecutive  days.  There  must  be  a  lapse 
of  time  between  these  inspections.  Is  there  any  consideration  being  given  to  modi- 
fying  the   inspection   rules   to   something  more  livable? 

Mr.  Rourke:  I  think  you  know,  Bob,  that  I  can't  say  we  are  giving  any  serious 
thought  to  modifying  anything  right  now  because  I  can't  say  it.  But  it  I  were  a 
division  engineer  and  I  had  to  tell  my  man  that  he  had  to  go  from  here  to  West 
Podunk  and  not  come  back  for  two  days,  I'd  really  have  a  problem  myself.  We 
aren't  perfect,  gentlemen. 

Question  from  Floor:  I  am  a  little  concerned  about  the  PUC  of  California 
and  track  inspection.  I  understand  that  FRA  hires  competent  people  with  a  suitable 
track  background  as  their  inspectors.  I  further  understand  that  if  a  state  takes  over, 
the  federal  inspectors  won't  inspect  in  that  particular  state.  Did  I  understand  Mr. 
Lane  to  say  he  has  competent  people  now? 

Mr.  Lane:  I  think  we  do,  but  we  need  others.  I  said  it  was  a  problem  ol 
funding.  On  one  side  we  have  men  who  have  come  up  through  the  operations 
departments  of  the  rail  lines.  In  fact,  we  have  recruited  them  from  the  rail  carriers. 
On  the  other  side,  I  have  graduate  engineers  in  my  shop.  But  we  need  other  people, 
and  as  I  say,  our  problem  is  one  of  funding. 

Mr.  Rourke:  State  inspectors  will  have  the  same  training,  the  same  supervision 
that  FRA  inspectors  would  have.  We  want  to  have  a  uniform  inspection  policy 
throughout  the  United  States.  I  don't  think  Mr.  Lane  will  take  an)   exception  to  that. 

Mr.    Lane:    Which    raises   a   question    I   wanted   to   ask:    From    the    railroad    point 

of  view,  and  I'll  ask  Bill  Autrey  this  question,  what  is  your  feeling  about  the  possi- 
bility of  lx'ing  sandwiched  in  between  the  state  and  the  Federal  government's  pro- 
grams? 

Mr.  Autrey:  I  hope  we  can  have  a  uniform  set  oi  rulea  so  we  will  know  where 

we  stand.  I  think  it  would  be  a  horrible  situation  if  we  had  two  Bets  ol  rules  to 
try    to    go    by.    Hopefully,    that's    not    going    to   happen.    That's   what    I    was    getting   at 

a  while  ago  when  I  was  talkine  about  the  FB  \  rules  being  applied  and  then  being 
enforced    or    implemented    by   Other    people.     \t  least    ^ed    have   a   consistent    s,t    ot 
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rules  to  be  governed  by.  I  think  it  would  be  an  unlivable  situation  to  have  two 
sets  of  rules. 

Mr.  Paxton:  I  want  to  comment  a  little  further  on  state  certification  and  the 
activities  of  the  state  in  connection  with  the  Act.  I  can  understand  your  apprehension 
about  48  different  organizations  trying  to  inspect  track.  But  it  is  the  mandate  of 
the  law,  it  is  written  right  in  the  Act,  that  it  is  intended  that  these  standards  be 
applied  uniformly.  It  states  furtiier  that  these  states  that  are  certified  will  have  to 
be  recertified  annually.  It  will  submit  an  annual  report  and  it  will  be  constantly 
monitored  by  the  Federal  Railroad  Administration.  Hopefully,  through  those  chan- 
nels, we  can  work  with  the  states  to  encourage  diem  to  get  very  competent  people 
to  do  that  work. 

Mr.  Lane:  I  agree.  I  think  that  the  policy  has  to  come  down  from  the  FRA. 
I  think  that  those  of  us  who  may  get  involved  from  the  state  side  have  to  live  by 
the  policy.  I  think  we  have  to  use  reason  and  common  sense  in  administering  the 
policy  as  well  as  the  rules  that  are  set  down  by  FRA.  I  think  it  is  a  matter  of  the 
decision  you  make  in  advance.  It  is  like  getting  married,  it's  pretty  hard  to  change 
the  decision  once  you  have  made  it.  If  we  make  tire  decision  to  go  ahead  and  be 
certified,  then  we  would  expect  to  live  by  the  rules  and  policies  laid  down  by  FRA, 
except  in  regard  to  such  local  situations  that  we  would  have  to  deal  with  anyway 
that  would  be  normal  to  a  local  jurisdiction. 

Mr.  Johnson:  I'd  like  to  ask  both  Bill  and  Mr.  Lane  a  question.  In  a  situation 
of  sta'e  certification  and,  say,  an  argument  between  the  state  inspector  and  the 
railroad,  would  the  parties  then  look  to  the  FRA  regional  man  to  adjudicate  this 
dispute? 

Mr.  Paxton:   Yes. 

Mr.  Lane:  This  also  brings  up  another  question,  and  that  is:  Suppose — and 
I  don't  think  it  is  going  to  happen,  gentlemen — suppose  the  dispute  gets  to  the 
point  where  the  state  inspector  decides  he  has  to  take  some  legal  action.  Now,  is 
the  state  going  to  be  empowered  to  move,  or  is  that  going  to  be  under  FRA's 
jurisdiction? 

Mr.    Rourke:    Citations   and  penalties   will  be   under  FRA's  jurisdiction. 

Mr.  Lane:   And  that  will  stop  any  double  jeopardy? 

Mr.  Rourke:  That  is  correct. 

Mr.  Rourke  (continuing):  I'd  like  to  get  some  feeling,  if  I  could,  about  what 
the  major  cost  areas  of  these  track  standards  are.  Now,  just  quickly,  could  we  ask, 
first,  about  the  tie  requirement?  Can  we  take  a  poll  or  a  show  of  hands,  or  some- 
thing, Bob? 

Mr.  Brown:  I  think  we  could.  Ed,  when  you  made  your  cost  breakdown  as 
part  of  the  AAR  nationwide  study,  how  did  you  break  these  costs  down  into  various 
categories? 

Mr.  Johnson:  We  had  it  broken  down  into  the  categories  of  ties,  rail,  geometry, 
weed  control,  welding — I  don't  have  the  papers  with  me  and  I  don't  remember  the 
exact  details.  There  were  about  seven  broad  categories. 

Mr.  Brown:  I  think  the  majority  of  the  cost  was  in  the  first  three — ties,  rail 
and  track  geometry. 

Mr.  Johnson:   That's  correct;  ties  and  rail  particularly. 

Mr.  Brown:  Well,  we  might  ask  the  group  here.  You  have  all  analyzed  your 
own  railroads,   I'm  sure.  Taking  the  standards  as  they  are  now  written,  would  you 
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consider  that  your  cost  to  upgrade  and  maintain  your  railroad  to  the  standards  speci- 
fied by  FRA,  is  primarily  in  ties,  rail  or  track  geometry?  Which  of  you  would  say 
that  ties  is  the  most  costly? 

All  right.  A  raise  of  hands  on  rail,  the  rail  specifications. 

All  right.  A  raise  of  hands  on  track  geometry. 

It  looks  like  ties  and  rail  are  the  two  predominant  areas  of  expense. 

Comment  from  flooh:  I  like  what  you  said  about  performance  standards, 
and  I  hope  the  inspectors  will  have  the  ability  to  recognize  performance.  Now,  our 
particular  railroad  a  few  years  back  went  to  a  standard  23-inch  tie  spacing.  The 
FR  V  rule  that  states  we  may  not  have  a  distance  of  more  than  45  inches  between 
die  centers  of  non-defective  ties  means  literally  that  we  cannot  have  a  single  defec itive 
tie  where  we  have  gone  to  the  23-inch  tie  spacing.  However,  performance-wise,  the 
railroad  is  carrying  traffic  safely  every  day.  Strict  enforcement  of  that  rule  would 
mean  that  we  would  have  to  go  back  and  reinsert  ties  on  our  entire  territory,  which 
would  be  immensely  cosdy. 

Mr.  Paxton:   I  wouldn't  worry  about  that. 

Mr.  Brown:  There  is  something  I  would  like  to  have  Jack  explain  to  you,  be- 
cause I  had  a  chance  to  discuss  it  with  him,  and  found  it  to  be  most  interesting. 
We  have  all  looked  upon  the  federal  government's  involvement  in  our  railroad  oper- 
ations as  being  very  costly  and  generally  undesirable.  I  now  believe — as  Jack  has 
enlightened  me  on  this  a  great  deal — that  the  government's  involvement  in  our 
railroad  operations  may  result  in  some  benefits.  It  is  going  to  benefit  us  both  as 
individual  railroads  and  as  an  industry.  I'd  like  to  have  Jack  comment  on  that. 

Mr.  Rourke:  This  is  one  of  my  favorite  subjects.  Mr.  Rush  diis  morning  told 
you  about  the  legislative  program  we  have  and  somewhat  suggested  that  someone 
else  suggest  to  you  that  you  help  us  on  it.  But  FRA  is  not  only  a  policeman  type 
organization.  We  spend  an  awful  lot  of  time  and  money  working  for  the  industry. 
We  are  young — we  haven't  been  around  very  long,  1967  I  guess  was  the  year  of 
the  DOT  Act — we  want  to  become  to  the  railroad  industry'  what  the  FAA,  for  in- 
stance, is  to  the  aviation  industry.  We  have  money  appropriated  to  us  right  now 
that  I'm  afraid  we  are  not  going  to  be  able  to  use  this  fiscal  year.  We  need  sugges- 
tions for  research  programs.  I  got  a  couple  this  last  week  in  my  tour  around  the 
countryside — perhaps  looking  into  the  metallurgy  of  rail,  looking  at  the  possibility 
of  recycling  the  chips  that  come  out  of  the  tie  destroyer — several  things  that  might 
be  of  benefit.  So  don't  look  at  us  just  as  policemen  or  regulators.  I  don't  like  to  go 
around  with  the  connotation  that  I'm  your  friendly  regulator  coming  to  visit  yon. 
I  want  to  come  with  the  hope  that  you  will  tell  us  what  we  should  be  doing  with 
some  of  the  dollars  that  the  Congress  gives  to  the  Department  of  Transportation  to 
assist  the  industry,  to  build  it,  to  have  it  become  even  more  powerful  man  it  is. 
And  believe  me,  the  railroad  industry  in  this  United  States  is  a  powerful  economic 
factor.  But  give  us  some  help,  give  US  your  suggestions,  tall  us,  write  us  and  tell 
us  what  you  think  our  research  dollars  should  be  spent  for.  We'll  certainly  work 
with  Dr.  Harris,  Rex  Manion,  and  the  RPI  people,  and  we'll  come  up  with  some 
programs  that  should  be  of  almost  immediate  benefit  to  you  if  we  can  wotk  that 
fast,  and  we  are  really  pushing  at  it. 

Mr.  Brown:  Thank  you,  Jack.  One  dung  I  tan  say  for  sure  is  that  there  would 
have  been   a   lot   more   questions    presented    before    this   pane]    toda\    it    Jack    and    Bill 

had  not  been  traveling  around  the  country  talking  to  chief  engineers  and  clarifying 

some   of   these   points    we   have   discussed   today.    The    FRA's   interpretation   of   tbeSl 
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standards  in  these  meetings;  during  the  last  few  weeks,  and  the  last  two  days  for 
me,  has  knocked  down  the  apparent  cost  of  these  regulations.  Another  thing  that 
is  now  very  apparent  is  the  fact  that  the  lines  of  communication  between  the  in- 
dustry and  the  FRA  are  certainly  open.  They  are  open  for  discussion  about  any  of 
the  things  we  think  are  problem  areas  in  their  standards,  and  they  are  open  to  pos- 
sible modification  of  the  standards  where  modifications  appear  necessary.  So  with 
the  enlightenment  I"  have  had  in  the  last  two  days  and  some  of  the  other  chief 
engineers  have  had  in  the  last  couple  of  weeks,  I'm  sure  we  all  have  a  much  better 
feeling  toward  the  whole  matter  now  than  we  have  had  over  the  past  two  years. 
Our  time  is  right  on  the  minute  and  I  would  like  to  ask  anybody  on  the  panel  if 
he  would  have  any  quick  comment  to  make. 

Mr.  Rourke:  I  have  one.  Paul  Seidel  of  the  FRA's  Bureau  of  Railroad  Safety 
is  out  there  somewhere  too,  and  Paul  and  Bill  and  I  are  going  to  be  around  here 
most  of  the  week.  The  reasons  we  are  hanging  around  are:  No.  1,  to  go  over  and 
see  the  exhibit  of  all  that  wonderful  equipment;  No.  2,  to  be  available  to  you  people 
to  answer  questions.  We  are  not  thin-skinned. 

Mr.  Croft:  Bob,  may  I  make  a  comment  on  behalf  of,  primarily,  Class  II 
Roads.  We  have  found  this  line  of  communication  that  Jack  just  mentioned  to  be 
very  open  and  we  found  him  to  be  very  helpful  in  getting  some  of  our  problems 
behind  us.        ...... 

President  Sams:  Bob,  I  think  that's  an  excellent  place  to  end  this  panel  dis- 
cussion. We  have  to  bring  this  train  in  on  time  tonight.  I  want  to  express  my  ap- 
preciation to  you  and  all  the  members  of  the  panel  for  the  excellent  presentation 
you  have  made.  The  fact  that  we  have  such  a  large  attendance  right  up  to  the  last 
mi,nute?  I  think,  attests  to  the  interest  in  this  subject. 
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consider  that  your  cost  to  upgrade  and  maintain  your  railroad  to  the  standards  speci- 
fied by  FRA,  is  primarily  in  ties,  rail  or  track  geometry?  Which  of  you  would  sa> 
that  ties  is  the  most  costly? 

All  right.  A  raise  of  hands  on  rail,  the  rail  specifications. 

All  right.  A  raise  of  hands  on  track  geometry. 

It  looks  like  ties  and  rail  are  the  two  predominant  areas  of  expense. 

Comment  from  floor:  I  like  what  you  said  about  performance  standards, 
and  I  hope  the  inspectors  will  have  the  ability  to  recognize  performance.  Now,  our 
particular  railroad  a  few  years  back  went  to  a  standard  23-inch  tie  spacing.  The 
FR  \  rule  that  .states  we  may  not  have  a  distance  of  more  than  45  inches  between 
the  centers  of  non-defective  ties  means  literally  that  we  cannot  have  a  single  defective 
tie  where  we  have  gone  to  the  23-inch  tie  spacing.  However,  performance-wise,  the 
railroad  is  carrying  traffic  safely  every  day.  Strict  enforcement  of  that  rule  would 
mean  that  we  would  have  to  go  back  and  reinsert  ties  on  our  entire  territory,  which 
would  be  immensely  costly. 

Mr.  Paxton:   I  wouldn't  worry  about  that. 

Mr.  Brown:  There  is  something  I  would  like  to  have  Jack  explain  to  you,  be- 
cause I  had  a  chance  to  discuss  it  with  him,  and  found  it  to  be  most  interesting. 
We  have  all  looked  upon  the  federal  government's  involvement  in  our  railroad  oper- 
ations as  being  very  costly  and  generally  undesirable.  I  now  believe — as  Jack  has 
enlightened  me  on  this  a  great  deal — that  the  government's  involvement  in  our 
railroad  operations  may  result  in  some  benefits.  It  is  going  to  benefit  us  both  as 
individual  railroads  and  as  an  industry.  I'd  like  to  have  Jack  comment  on  that. 

Mr.  Rourke:  This  is  one  of  my  favorite  subjects.  Mr.  Rush  tliis  morning  told 
you  about  the  legislative  program  we  have  and  somewhat  suggested  that  someone 
else  suggest  to  you  that  you  help  us  on  it.  But  FRA  is  not  only  a  policeman  type 
organization.  We  spend  an  awful  lot  of  time  and  money  working  for  the  industry. 
We  are  young — we  haven't  been  around  very  long,  1967  I  guess  was  die  year  of 
the  DOT  Act — we  want  to  become  to  the  railroad  industry  what  the  FAA,  for  in- 
stance, is  to  the  aviation  industry.  We  have  money  appropriated  to  us  right  now 
that  I'm  afraid  we  are  not  going  to  be  able  to  use  this  fiscal  year.  We  need  sugges- 
tions for  research  programs.  I  got  a  couple  this  last  week  in  my  tour  around  the 
countryside — perhaps  looking  into  the  metallurgy  of  rail,  looking  at  the  possibility 
of  recycling  the  chips  that  come  out  of  the  tie  destroyer — several  things  that  might 
be  of  benefit.  So  don't  look  at  us  just  as  policemen  or  regulators.  I  don't  like  to  go 
around  with  the  connotation  that  I'm  your  friendly  regulator  coining  to  \isit  you. 
I  want  to  come  with  the  hope  that  you  will  tell  us  what  we  should  he  doing  with 
some  of  the  dollars  that  the  Congress  gives  to  the  Department  of  Transportation  t<> 
assist  the  industry,  to  build  it,  to  have  it  become  even  more  powerful  than  it  is 
And  believe  me,  the  railroad  industry  in  this  United  States  is  a  powerful  economic 
factor.  But  give  us  some  help,  give  us  your  suggestions,  call  us.  write  us  and  tell 
us  what  you  think  our  research  dollars  should  he  spent  for.  W.'ll  certainly  work 
with  Dr.  Harris,  Rex  Manion,  and  the  RPI  people,  and  we'll  come  up  with  some 
programs  that  should  be  of  almost  immediate  benefit  to  you  ii  we  can  woik  that 
fast,  and  we  are  really  pushing  at  it. 

Mr.  Brown:  Thank  you,  Jack.  One  thing  I  i  an  six  '  n  sum-  is  that  mere  would 
have  been  a  lot  more  questions  presented  before  this  panel  todaj  it  ]w  k  and  Bill 
had  not  been  traveling  around  the  country  talking  to  chief  engineers  and  clarifying 
some  of  these  points  we  have  discussed  today.  The  FRA'i  interpretation  of  the* 
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standards  in  these  meetings  during  the  last  few  weeks,  and  the  last  two  days  for 
me,  has  knocked  down  the  apparent  cost  of  these  regulations.  Another  thing  that 
is  now  very  apparent  is  the  fact  that  the  lines  of  communication  between  the  in- 
dustry and  the  FRA  are  certainly  open.  They  are  open  for  discussion  about  any  of 
die  things  we  think  are  problem  areas  in  their  standards,  and  they  are  open  to  pos- 
sible modification  of  the  standards  where  modifications  appear  necessary.  So  with 
die  enlightenment  I  have  had  in  the  last  two  days  and  some  of  the  other  chief 
engineers  have  had  in  the  last  couple  of  weeks,  I'm  sure  we  all  have  a  much  better 
feeling  toward  the  whole  matter  now  than  we  have  had  over  the  past  two  years. 
Our  time  is  right  on  the  minute  and  I  would  like  to  ask  anybody  on  the  panel  if 
he  would  have  any  quick  comment  to  make. 

Mr.  Rourke:  I  have  one.  Paul  Seidel  of  the  FRA's  Bureau  of  Railroad  Safety 
is  out  there  somewhere  too,  and  Paul  and  Bill  and  I  are  going  to  be  around  here 
most  of  the  week.  The  reasons  we  are  hanging  around  are:  No.  1,  to  go  over  and 
see  die  exhibit  of  all  that  wonderful  equipment;  No.  2,  to  be  available  to  you  people 
to  answer  questions.  We  are  not  diin-skinned. 

Mr.  Croft:  Bob,  may  I  make  a  comment  on  behalf  of,  primarily,  Class  II 
Roads.  We  have  found  this  line  of  communication  that  Jack  just  mentioned  to  be 
very  open  and  we  found  him  to  be  very  helpful  in  getting  some  of  our  problems 
behind  us. 

President  Sams:  Bob,  I  think  that's  an  excellent  place  to  end  this  panel  dis- 
cussion,., We  have  to  bring  this  train  in  on  time  tonight.  I  want  to  express  my  ap- 
preciation to  you  and  all  the  members  of  die  panel  for  the  excellent  presentation 
you  have  made.  The  fact  that  we  have  such  a  large  attendance  right  up  to  the  last 
minute,  I  think,  attests  to  the  interest  in  this  subject* 
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for  ADVANCE  DESIGN,  HIGH  PERFORMANCE 
Maintenance-of-Way  Equipment 

Jackson/Jordan  makes  it  easier  than  ever 
to  have  an  advance  design,  high  per- 
formance maintenance-of-way  fleet.  Take 
advantage  of  our  new 

■  TRADE-IN  PLAN 

U  WARRANTED  MACHINE  REMANUFACTURING  PLAN 

■  CUSTOM  LEASING  PLAN 

■  SHORT  TERM  RENTAL  PROGRAM 
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Lansing,  Illinois  60438  •  (312)  895-0100 
Jackson  Railroad  Equipment  Co.  •  Jordan  Company 
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M  &  S  No.  561   GREASE  TYPE  LUBRICATOR 

OVER   1800   IN   SERVICE 


The  M  &  S  No.  561    Grease  Type  Lubricator 

is  simple  in  design,  durable  in  construction 
and  efficient  in  operation.  It  was  designed, 
developed  and  tested  to  meet  modern  rail- 
road conditions  where  maintenance  costs  on 
equipment  of  this  nature  must  be  held  to  an 
absolute    minimum. 

This  Grease  Type  Lubricator  was  designed 
and  developed  by  Moore  &  Steele  Corpora- 
tion, a  company  which  has  been  actively 
engaged  in  developing  and  manufacturing 
rail  and  flange  lubricators  since  1932.  The 
M  &  S  No.  561  Grease  Type  Lubricator  in- 
corporates the  time  and  service  tested  prin- 
ciples developed  during  40  years  experience 
in   the   field   of  rail   lubrication. 

ALSO  MADE  IN  DOUBLE  RAIL  MODEL 


MOORE  AND  STEELE  CORPORATION 

OWEGO,  TIOGA  COUNTY,  N.  Y.   1 3827 
U.  S.  A. 


More    than    a   new    radio 
a  new  concept  in  versatility  and  reliability 

MICOR  Railroad  Radio 


Built  with  advanced  integrated 
circuits  for  fewer  parts,  fewer 
problems. 

Modular  construction  provides  a 
64/12  VDC,  a  64  VDC,  a  12  VDC 
or  a  117  VAC  radio.  Simply  plug 
in  the  desired  power  supply 
module. 

Maintainability  is  unmatched. 
Simple,  complete  metering,  fast 
module  change-out  keeps  MICOR 
radio  profitably  on  the  job. 


M)  MOTOROLA  TOTAL  COMMUNICATIONS 


For  application  brochure  write,  Motorola  Communications  & 
Electronics  Inc.,  1301   E.  Algonquin  Rd.,  Schaumburg,  III.  60172 
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KEEPING  TRACK 
IS  OUR  BUSINESS! 


RAIL  WELDING 
SYSTEMS 

•  WELDED  RAIL  LAYING 
SYSTEM 

WELDED  RAIL  TRANSPORT 

ORGOTHERM  INC.  SALES 


ABRASIVE  RAIL 
CUTTER 

6-HOLE  RAIL  DRILL 


STRUCTURAL 
CLEARANCE  RECORDERS 


©1969  CHEMETRON  CORPORATION 


CHEMETRON  CORPORATION 
RAILWAY  PRODUCTS  DIVISION 


111    EAST  WACKER   DRIVE,  CHICAGO,  ILLINOIS  60601 

/CHEMETRON] 


TRADEMARK 


684-4 


Advertisement 


Assure  lower  maintenance  costs,  better  performance  with 

Texaco 

Railroad  Lubricants 

and  Systematic 

Engineering 

Service 

(texaco) 

New  York  •  Atlanta  •  Chicago  •  Minneapolis  •  St.  Louis  •  San  Francisco 


SIGNAL 
DEVICES 

• 
CONTROL 
SYSTEMS 

• 
M/WWORK 
EQUIPMENT 


RACO®and  MIPCO 

have  joined  together  under  the 

Safetran 

label  to  provide  a  total  service 
to  the  Rail  Transportation  Industry 


MEMBER 

RPf 


Safetran 


The  specialized  talents,  engineering  know-how,  and 
reliable  products  of  both  firms  are  now  available  with 
the  added  advantages  and  economies  of  single 
source  purchasing. 

For  complete  data  or  engineering  assistance  on  any 
of  the  signal,  control,  communication  or  M/W  work 
equipment  —  in  single  item,  assembly  or  total  system 
form  —  contact 

Safetran  Systems  Corporation 

7721  National  Turnpike  •   Louisville,  Ky.  40214  •  (502)  361-1691 

Offices  and  Plant* 

DArn©     MINNEAPOLIS,  MN.  55421    •    4650  MAIN  ST.  N.E.  (612)  560-4400 
"*MUU        LOUISVILLE,  KY.  40214   •   7721  NATIONAL  TURNPIKE  (502)  361-1681 
MIPCO    CUCAMONGA,  CA.  91730   •  9271  ARROW  HIGHWAY  (714)  987-4673 

REPRESENTATIVES:  Southeastern  Railroad  Materials,  Inc.,  595  North  Avenue  N.W.,  Atlanta,  Ga.  30318 
Southeastern  Railroad  Materials,  Inc.,  1914  Beachway  Rd.,  Jacksonville,  Fl.  32207 
IN  CANADA:  Vale  Enterprises,  Ltd.,  1120  Claire  Crescent,  Lactone,  Quebec 
OVERSEAS:  Intma  International,  Inc.,  60  East  42nd  Street,  New  York,  N.Y.  10017 
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NEW 


MANNIX  Self  Propelled 
SHOULDER  BALLAST  CLEANER 


Removes  —  Cleans  —  Replaces  —  Regulates 
Shoulder  Ballast  with  3  Man  Crew 

Two  ditching  wheels  remove  shoulder  ballast  to  desired  depth  and  deposit  it 
on  conveyors  which  carry  it  to  big,  double  decked,  vibrating  screens.  Two 
scarifying  teeth  break  up  pockets  under  tie  ends.  Cleaned  ballast  is  returned 
to  one  or  both  shoulders,  to  crib,  or  any  combination.  Plow  regulates  ballast 
between  rails,  regulators  shape  shoulders  to  any  angle.  Conveyor  deposits 
waste  to  either  side  or  into  towed  car.  Travels  and  works  under  own  power. 
Sets  up  and  closes  up  in  seconds.  Leaves  track  ready  for  immediate  use. 

Other  MANNIX  M/W  Equipment... 

for  the  following  operations  on  single  or  double  track,  main  line,  branch 
line  or  yard  tracks,  is  available  by  contract,  lease  or  purchase. 

•  Raising  Track 
9  Resurfacing 

*  Reballasting 

*  Replacing  Ties 

•  Undercutting 
•Ballast  Cleaning 


For  full  details  of  contract,  rental 
or  purchase  of  MANNIX  equip- 
ment or  to  arrange  a  showing 
of  operating  films  at  no  ob- 
ligation write,  wire  or  phone 
612,545-0411. 


MAINTENANCE  of  WAY 
DIVISION 

Mannix  Construction.  Inc. 

9714  10fh  Ave.  No.,  Minneapolis,  Minn.  55427 


684-6 


Advertisement 


r 


When  You 
Consider  Performance. . . 


..Kershaw  Comes 
First 


KERSHAW  MFG.  CO.,  INC. 

P.  O.  Box  9328 

Montgomery,  Ala.  36108  U.S.A. 


BALLAST  REGULATOR 

TRACK  PATROL 

SHOULDER  EXCAVATOR 

UNDERCUTTER 

YARD  CLEANER 

TRACK  BROOM 

TRACK  LINER 

JACK- ALL 

BALLAST  CLEANER 

KLEAR-WAY  BRUSHCUTTER 

KLEAR-WAY  SNOW  BLOWER 

TRACK  PATROL  BRUSHCUTTER 

SNOW  SWITCH  CLEANER 

TIE  SAW 

TIE  CRANE 

BRIDGE  CRANE 

TIE  BED  SCARIFIER  -  INSERTER 

TIE  INJECTOR 

TIE  END  REMOVER 

BRUSH  KRIBBER 

CRAWLER  ADZER 

DUAL  KRIBBER 

DUAL  ADZER 


* 


WOODINGS-VERONA  TOOL  WORKS 

Pioneer  Manufacturers 

of 

HIGH  GRADE  TRACE  TOOLS 

and 

SPRING  WASHERS  FOR  TRACK 

Since  1873 

VERONA,  PA.  CHICAGO,  ELL. 


w 

WOODINGS  FORGE  &  TOOL  COMPANY 

Makers 

of 

WOODINGS  RAIL  ANCHORS 

VERONA,  PA. 

CHICAGO,  ILL 
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Upgrading  Timber  Bridges? 


% 


can  help  your  timber  bridges 

carry  heavier  loads 

and  last  longer  with  minimum  repair 

This  professional  Osmose  team  is  cruising  one  of  202  timber  bridges  on  a 
subdivision  of  a  major  U.S.  Railroad.  On  completion,  specific  recommenda- 
tions were  given  the  chief  engineer  to  treat,  defer  or  replace,  backed  up  by 
detailed  boring  records.  This  is  one  more  way  Osmose  assures  you  that 

maintenance  dollars  are  spent  where  needed  most.. 

without  cost  or  obligation  to  your  company. 


980  ELLICOTT  STRE  ET  /  BUFFALO.  N.Y    14209 


684-8  Advertisement 


HOLLAND 

For  Better   Rail  Welds 
Today  and  Tomorrow 

•  Complete  rail  welding  plants  featuring  world  renowned  A-l  Welders  and  Strippers, 
and   Holland— Mathews   Conveyor  systems. 

•  Revolutionary   in-track  flash  butt  welder. 

•  Calorite  Thermite  Welds. 

•  Permaquip  Hydro-Stressor. 

Holland.    For  better   rail   welding   equipment.   And   the   best  on-site  service. 


HUUWI 


MEMBER 

RRI 


RAILWELD  DIVISION  mawkm      a 

1020  Washington  Avenue  Ztll?/L\.   t- 

Chicago  Heights,  Illinois  60411  mamurc  ~A^ 
Phones:  (312)  756-0650  /  468-6566 


KERITE 
CABLE 


For  dependability  in  actual  use,  no  other  cable 
matches  Kerite.  We  believe  you  will  be  im- 
pressed by  the  evidence. 

THE  KERITE  COMPANY 

PRINCIPAL  OFFICES:  Boston;  Chicago;  New 
York;  Philadelphia;  San  Francisco;  and 
Seymour,  Connecticut  •  Sales  Representa- 
tion throughout  the  United  States.  A  sub- 
sidiary of  Harvey  Hubbell  Incorporated. 

fie  KERITE  insulation  that  makes  the  difference 
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TIE  HANDLER  from  RTW... 


with  24-foot-reach 
articulating  boom! 

Lifting  capacity-1500  lbs.  at  126"  to 
750  lbs.  fully  extended. 


•  New  rotating  deck  design 
...no  adjustments  needed 

•  Thermostatic  controlled 
oil  temperature  in 
hydraulic  circuit 


•  Low  maintenance 

•  Hydrodynamic  plus 
mechanical  brakes, 
on  all  four  wheels 


Many  other  features  for  high  production,  low  maintenance  Choice  of  two 
other  tubular-type  booms  (all  interchangeable):  Fixed  24-ft..  and  manually 
adjustable  18-24-ft.  From  RTW.  the  people  with  the  longest  experience  in 
tie  handling.  Get  full  details  today.  Call  (215)  739-4281. 

OTHER  »TW  aUWTEIIMCl  EQUIPMENT  ■  MM  Crimen •  Cull  Cinftrl •  MM  tfirfifi  •  t«.l  Ml  •  T.»  KlUlM  .<  I  M  8  I  n 

DT  W  ^      RAILWAY  TRACK-WORK  CO.  wo;  K.n„n,.on  a..  .  p*,,....^...  •_.  ihm  RPf 

■%  ■    If        /           _  Collin.    Eqwpm.nl    Co     ■    Mou.lon  -  S.rvic.    tqu.pm.nl    «,    Supplf    Comp.n,    .    Lo.    »    .      ■  • 

Sim.inl   Comp.nv   .    Lou. .v. II.  -  I    (    C.o.n»   •   Omaha    -  Duda.    l.,,.n..«.n»   Compan,   .    SI     to-..            JSSSm    I 
-R.  I.  Btll  Co.  •  Canada:  Montreal-  Wuvdu.|t  Canada   I  '  -  "(""•"•  '"  •  -•»- 
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PACIFIC  RAILWAY  SALES 

"SINCE  1954" 

M  OF  W  EQUIPMENT -TRACK  AAACHINERY 

TOOLS  AND  APPURTENANCES 

THERMITE  RAIL  WELDING  MATERIAL  -  CONTRACT  WELDING 

RAIL  REHABILITATION 

R&D  SPECIALIZED  EQUIPMENT 

SALES -SERVICE 

MANUFACTURERS  OF  J  &  A  RAIL  CLAMP 

229  HARRISON  STREET  ■  OAKLAND  -  CALIFORNIA 
(415)   465-5955 
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It's  Maintenance  First- and 
portec  Railway  Products 

are  First  in  Maintenance 


Rail  Anchors 


•  IMPROVED  FAIR  Anchors 

•  XL-1  FAIR  Anchors 


S^fiPo, 


Rail  Joints 


^ 


•  Standard  Joints 

•  Insulated  Joints— armored 
and  continuous 

•  Compromise  Joints 

•  Poly-insulated  Joints 

•  Poly-insulated  Plates 

•  Insulation 


Rail  and  Flange 
Lubricators 


Reversible  Switch 
Point  Protectors 


Diesel  and 
Caboose  Batteries 


Literature  available  on  request. 

PORTEC  inC    RAILWAY  PRODUCTS  DIVISION 


684-12 
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LOCOMOTIVE 
CRANES 

30  TONS 
AND  UP 

CRAWLER 
CRANES 

35  TONS 
AND  UP 

TRUCK 
CRANES 

45  TONS 
AND  UP 

WRECKER 
CRANES 

TO 

250  TONS 

AMERICAN  LOCOMOTIVE  CRANES 
...USED  5  TO  1  OVER 
ALL  OTHER  MAKES! 


AMERICAN  HOIST  &  DERRICK  COMPANY   American 

ST.  PAUL,  MINNESOTA  55107 
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NORDBERG 

"ORGANIZED  MECHANIZATION" 

for  lower  track  maintenance  costs 

111               IT      1 

111 1!  mi  iii  ii  111  ■  m  |||i  |M|  '• ' i( 

1.  SELF-PROPELLED 

13.  SPIKE  PULLER 

ADZER 
2.  BALLAST  ROUTER 
3.HYDRASPIKER 
4.  LINE  INDICATOR 

14.  SPIKE  STRAIGHTENER 

15.  SURF-RAIL  GRINDER 
16.SWITCHLINER 

5.  PLATE  PLACER 

17.  TIE-AXE 

6.  POWER  JACK 

18.  TIE  DRILL 

7.  TRACK  WRENCH 

8.  RAIL  DRILL 

9.  RAIL  GANG  SPIKER 
10.  RAIL  GRINDER 

19.  TIE  SPACER 

20.TRAKLINER® 

21.TRAK-SURFACER 

11.  SCARIFIER-INSERTER 

22.  TRACK  SHIFTER 

12.  SPIKE  HAMMER 

23.  X-LEVEL  INDICATOR 

/ 


For  right-of-way 
maintenance,  Nordberg 
groups  these  time-saving 
Mechanical  Muscles®  into 
efficient  working  teams— 
Organized  Mechanization 
to  stretch  your  track 
maintenance  dollars.  Call  or 
write  for  literature. 


NORDBERG 

DIVISION  OF  REX  CHAINBELT  INC. 

Box  383,  Milwaukee,  Wis.  53201 

Telephone:  (414)  744-2345 


684-14 
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why 
costly  downtime? 


PENETRYN  PLASTIC  INJECTION  METHOD  APPLIED 
BY  TRAINED  CREWS  UNDER  PROFESSIONAL  ENGI- 
NEERING SUPERVISION  BY  PENETRYN  SAVES  YOU 
TIME  AND  MONEY  AND  COMPLETELY  ELIMINATES 
LEAKAGE. 


STOP 


RESTORATION 
DIVISION 


COMPLAINTS 
CORROSION 
CONTINUING   ICE  AND 
WATER   PROBLEMS 

38399  Pelton  Road 
Willoughby,  Ohio  44094 
Phone  (Code  216)  946-4450 


here's  how  you  can  waterproof 
bridge  decks  without  interrupting 
traffic  for  even  one  day! 


USE: 
THE   PENETRYN 


infection 
method 


■  NO  RAIL  INTERFERENCE 

■  NO  TRACK  INTERFERENCE 

This  is  the  fastest,  lowest  ACTUAL  cost 
waterproofing  available  today. 


KEEP  BRIDGES 

OPEN  WHILE  WE  DO  IT 


THE    PENETRYN    SYSTEM,   INC. 

ENGINEERING  ,  RESEARCH  .  CONSTRUCTION 

Nationwide   railroad    contracting   specialists   lor   more   than   40  years 


PENETRYN   ALSO   SPECIALIZES    IN   TUNNEL  AND   BRIDGE  RESTORATION   AND  GROUT  CONSOLIDATION 


MODEL  441 

Developed  and  Built 
for  Railroad  Maintenance 

180°  BOOM  SWING 

DOBS  ML  JOBS! 


ROOTS  AND  LOADS  TIES 


LAYING  WELDED  RAIL 


72  FAST  CHANGE  ATTACHMENTS 


•  Forks 

•  lit  Cu.  Yd.  Bucket 

•  Tote  Hook 

•  18'  Boom  Extension 

•  Fork  Tie  Baler 

•  Track   Cleaning   Bucket 


•  Back  Hoe 

•  Clamshell 

•  Back   Filler  Blade 

•  Pull  Drag  Bucket 

•  4  Cu.  Yd.   Snow  Bucket 

•  Pile  Hammer 


Optional  Attachment 
Flanged  Wheels,  Hydraulicolly  Controlled 


PETTIBONE  CORPORATION 

Quality   Since    1880 

141    W.    JACKSON    BLVD.,    CHICAGO,    ILL.    60604 


9'   WIDE   TRACK   CLEANING   BUCKET' 


684-16 
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. . .  that  will  prevent 
buckling,  pull-aparts, 
and  other  problems 
caused  by  rail 
expansion  and 
contraction! 

In  addition,  each  Conley  Slid- 
ing Rail  is  designed  to  meet 
specific  track  conditions.  Each 
is  completely  automatic  and 
temperature-controlled.  And 
its  heavy  base  (approx.  2,400 
lbs.)  assures  solid  foundation 
and  rugged,  long-lasting 
dependability. 

The  heat-treated,  pre-curved 
wing  rail,  and  one-piece  man- 
ganese steel  casting — consisting 
of  base,  point,  guard  rail,  and 
rail  braces — insures  a  constant 
gauge.  (Photo  indicates  the 
heavy  wheel  tread  that  is 
maintained  regardless  of  rail 
expansion  or  contraction.) 


Conley 


For  complete  details  write: 

Conley  Frog  and.  Switch  Co. 

Box  9188  J  Memphis,  Tennessee  38109 
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CHANNELOC 

helps  keep 

sournotes 

out  of 

harmonics 


Today's   har- 
moni  cs-ind  uced 
stresses  make  your 
job  of  keeping  welded 
rail  securely  tied  dow 
more   critical   than   ever 
That's  why  you  need  True 
Temper's  Channeloc  rail  an- 
chors more  than  ever.  They 
provide   tremendous   gripping 
power,  with  optimum  friction  resis 
tance  to  rail  movement. 

Channelocs  are  100%  tie-bearing   All 
their  broad  flange  area  butts  against  the 
tie  (doesn't  touch  plate,  doesn  t  affect 
spike)    And   Channeloc  s   unique  shape 
incorporates  extremely  high  tensile  strength 
because  the  thick  bar  stock  from  which  they're 
formed  is  heat  treated  uniformly  . . .  there  are  no 
soft  or  brittle  spots  in  Channeloc  anchors. 

Of  course,  they  can  be  applied  —  or  reapplied  - 
by  machine  or  man.  Keep  on  a  harmonious  track 
specify  True  Temper's  Channeloc. 


I  RUE  I  EM  PER 

RAILWAY  APPLIANCE   DIVISION 


For  inlormation  on  the  new  True  Temper 

Dynamic  Rail  Anchor  Test  Machine, 

write  tor  intormative  brochure  to 

True  Temper  Corporation 

c/o  Rail  Appliance  Division 

1623  Euclid  Avenue.  Cleveland.  Ohio  44115 
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TRACK 
SPECIALTIES 

'QUALITY  TRACKWORK  SINCE  1884 

Frogs  ■  Switches  ■  Crossings  ■  Guard  Rails 
Standard  and  Manganese  Switch  Point  Guards 
Standard  and  Automatic  Switch  Stands 
"Pettibone"  Mechanical  Switchman 
"Cleveland  Adjustable"  and  "Evertite"  Rail  Braces 
Cleveland  Vertical  Rods  and  Rocker  Clips 
Forged,  Heat  Treated  Compromise  Joints 
Gage  Rods  ■  Connecting  Rods  ■  Rail  Fasteners 
Rail  Clips  ■  Cast  Manganese  Steel  Guard  Rails 


PETTIBONE 


EQUIPMENT  FOR  TRACK 
MA  IN  TEN  A  NCE  /  MA  TERIA  LS  HA  NDLING 

■  Speed  Swing  Models  441-B  &  442-A* 

■  Multi-Kranes  15000/90000  capacities* 

■  Truck-Krane  15000/150000  capacities 

■  Mercury  Lift  Trucks-Tractors 

:::"on"  or  "off"  rail  capability 

Cleveland  Froo&  Crossing  * 

SUBSIDIARY  OF  PETTIBONE  CORPORATION 
6917  Bessemer  Ave.,  Cleveland,  Ohio  44127 
Phone  (216)  641-4000 
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SWITCH  TAMPERS  FOR  ALL  YOUR  JOBS 


UNIVERSAL  UYT-2W75  YARD,  SWITCH  &  SPOT  TAMPER 


This  versatile  tamper  is  a  new  addition  to  the 
popular  Plasser  Universal  line.  Even  though  the 
UYT  2W75  has  a  lower  original  cost,  it  is  equipped 
with  two  of  the  exclusive  Plasser  four-tool  tamping 


heads  with  individually  tiltable  tamping  arms, 
which  insures  the  tamping  of  every  tie  through 
switches  and  turnouts  without  the  use  of  outside 
or  ground  jacks. 


This  Universal  UYT  2W75  tamper  is  particularly 
adaptable  for  yard  work  where  it  has  proven  itself 
as  a  money  saver.  The  reasonable  price  plus  its 
ability  to  do  a  fine  job  tamping  switches  and  doing 
spot  work  suggest  yard  assignment.  It  can  be 
equipped  with  automatic  lifting  and  leveling  equip- 


ment as  well  as  automatic  lifting  correction  with 
cross  level  indicator.  You  should  see  one  of  these 
tampers  in  service  and  we  will  be  pleased  to  make 
the  necessary  arrangements  for  you  to  do  so  at 
your  convenience.  You  will  be  convinced  that  it  is 
a  superior  machine. 


PLASSER  AMERICAN  CORPORATION 


GENERAL  OFFICES  &  PLANT 

2001    MYERS  ROAD 

CHESAPEAKE,  VIRGINIA  23324 
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WASTE  WATER  SURVEYS 
CONSULTING  SERVICES 
ANALYTICAL  SERVICES 
COAGULANT  AIDS 
OIL  EMULSION  BREAKERS 
CHROMATE  REDUCTION 

A 

■  DMABBOBN  chemical  division 

^wm_  C  H  ©  M  e  D  CORPORATION 

300  GENESEE  ST.      •     LAKE  ZURICH,  ILLINOIS  00047 
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The  Allegheny  Insulated  Rail  Joint- 

Designed  to  withstand  the  heaviest  traffic 
in  welded  rail 


This  modern  joint  cements  rail  ends  in  position  and  thereafter 
resists  all  forces  imposed  by  temperature  and  simultaneous  forces 
of  live  loads  to  move  them. 

This  joint  makes  welded  rail  truly  continuous.  It  promises  you  years 
of  service  without  maintenance  costs.  It  reduces  rail  and  wheel  batter 
to  a  previously  unknown  minimum.  It  employs  the  safety  of  steel  splice 
bars.  It  can  be  assembled  in  the  shop  or  field.  It  has  been  tested  in 
service  and  AAR   laboratories.  It  saves  you  lots  of  money. 

Allegheny  Drop  Forge  Company 

Subsidiary   of  Tasa   Corporation 


2707  Preble  Avenue  •  Pittsburgh,  Pa.  15233 
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TELEWELD 

Rail  Maintenance  Service 

Rail  End  Welding 
Rail  End  Hardening 
CWR  Joint  Normalizing 
Frog  and  Switch  Welding 


MEMBER 

RRI 


RAILWAY 

PROGRESS 

INSTITUTE 


Rail  Maintenance  Equipment 

Custom  Manufacturing  and  Fabrication 

Joint  Bar  Shims 

Rail  Anchor  Shims 

Rail  End  and  Frog  and  Switch 

Welding  and  Grinding  Machines 
CWR  Heating  and  Cooling  Equipment 
Rail  Flaw  Testing  Equipment 
Telebrineller  Portable  Hardness  Tester 


-r^r  \ 


Infra-Red    Heater   for    Curing   Adhesive    Bonded    Rail    Joints 


TELEWELD  INC.,  416  NORTH  PARK  ST.,  STREATOR,  ILL.  61364 

Write  for  details  of  the  TELEWELD  process  for  restoring  rail  ends. 


REPORT  OF  EXECUTIVE  MANAGER 
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Report  of  the   Executive  Manager 

March  9,   1972 
To  the  Members: 

The  72nd  year  of  the  American  Railway  Engineering  Association  was  a  chal- 
lenging one,  successful  in  most  respects,  somewhat  disappointing  in  others.  It  was 
successful  from  the  standpoint  of  technical  operations  but  disappointing  from  the 
standpoints  of  membership  and  finances.  The  operational  year  began  on  March  17, 
1971,  at  the  end  of  that  year's  Convention,  and  ended  on  March  9,  1972,  at  the 
end  of  the  1972  Convention.  (The  AREA  fiscal  year  coincides  with  the  calendar 
year. ) 

Although  AREA  membership  remains  at  a  relatively  high  level,  the  Association 
did  experience  a  drop  from  3341  members  at  the  beginning  of  1971  to  3264 
meml>ers  at  the  end  of  the  year,  a  reduction  of  77.  And  despite  tight  control  pro- 
cedures by  the  Headquarters  staff,  total  expenditures  exceeded  total  receipts  by 
$2247.  This  deficit,  however,  was  considerably  less  than  anticipated.  The  financial 
situation   of  the  Association   is  covered  in  some  detail   in   the  Treasurer's  report. 

Major   Meetings    During    1971    Association    Year 

The  Seventh  Regional  Meeting  of  the  Association  was  held  at  St.  Louis,  Mo., 
on  October  21,  1971,  with  229  AREA  members  and  guests  in  attendance.  The 
meeting  was  planned  and  directed  by  AREA  Director  E.  T.  Franzen,  chief  en- 
gineer of  the  Missouri  Pacific  Railroad.  One  of  the  features  of  the  meeting  was  an 
address  by   D.   L.   Manion,   vice  president-operation,  Missouri  Pacific. 

The  Seventy-First  Annual  Convention  of  the  AREA  and  the  1972  Annual  Meet- 
ing of  the  AAR  Engineering  Division  were  held  on  March  7-9,  1972,  at  the  Sher- 
man House,  Chicago.  Total  registration  was  2050,  comprised  of  1198  railroad 
members  and   guests   and  852  non-railroad   members  and   guests. 

Special  features  were  again  emphasized  and  committee  reports  limited  to  brief 
accounts  of  accomplishments  and  future  plans  without  repetition  of  previously 
published  material.  The  AAR  Engineering  Division  session  was  again  given  over 
to  business  and  addresses  specifically  oriented  toward  the  AAR  and  the  Division. 
No  fewer  than  eight  representatives  of  the  U.  S.  Depanment  of  Transportation, 
including  the  Deputy  Federal  Railroad  Administrator,  and  one  state  official  pre- 
sented addresses  or  participated  in  panel  discussions — a  clear  indication  of  how 
deeply  involved  government  is  getting  in  the  operation  and  maintenance  of  United 
States'  railroads. 

Concurrent  with  the  AREA-ED  meetings  was  an  equipment  exhibition  spon- 
sored by  the  Railway  Engineering-Maintenance  Suppliers  Association.  This  affair 
was   held   at   the   International  Amphitheatre  on   March  6-9. 

The  1972  meetings  were  presided  over  by  AREA  President  and  ED  Chairman 
A.  L.  Sams,  vice  president  and  chief  engineer,  Illinois  Central  Railroad.  The  address 
at  the  Annual  Luncheon  was  given  by  Alan  S.  Boyd,  president  and  chief  executive 
officer   of   the    Illinois   Central. 

MEMBERSHIP 

Membership  statistics,  established   during    1988  on  a  calendar  year  basis  for 

administration    and    comparison,    shows    a    loss    of    77    during     1971     compared    to    a 
gain    of   8    during    1970,   and    losses   ol    73    in    1989   and    15   in    1968 

887 
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COMMITTEES    OF   THE    BOARD    OF   DIRECTION 
1971-1972 

Executive 

A.  L.  Sams  (Chairman),   R.  M.  Brown,  D.  V.  Sartore,  H.  W.  Williamson, 

E.  Q.  Johnson 

Membership 

D.  V.   Sartore  (Chairman),  C.  W.  Wagner,  A.  W.  Carlson,  I,.  A.  Durham, 

R.  A.  Kelso 

Finance 

B.  J.    Worley   (Chairman),    E.    Q.    Johnson,    R.    F.    Bush,    L.    D.    Freeman, 

W.   S.   Autrey 

Research 
R.  M.  Brown  (Chairman),  H.  M.  Williamson,  E.  T.  Franzen,  R.  A.  Kelso, 
W.  S.  Autrey 

Publications    (Special) 
(Manual    and    Publications) 

E.  M.   Hastings,  Jr.  (Chairman),  R.  F.  Bush,  E.  T.   Franzen,  J.  T.  Ward, 

W.  J.  Jones 

Technical   Activity    (Special) 
(Assignments   and   Personnel) 
J.  T.  Ward  (Chairman),  R.  M.  Brown,  H.  M.  Williamson,  L.  A.  Durham, 
W.  S.  Autrey 

Regional   Meetings    (Special) 
E.  T.   Franzen  (Chairman),  J.  T.  Ward,  E.   M.  Hastings,  Jr.,  W.  J.  Jones, 
L.  D.  Freeman 

Advertising    (Special) 
W.   J.   Jones  (Chairman),  E.   Q.  Johnson,  C.  W.  Wagner,  A.  W.  Carlson, 
B.  J.  Worley 


The  loss  shown  for  1971  is  due  in  part  to  efforts  being  made  to  place  the 
Association's  records  in  a  position  to  more  accurately  reflect  actual  conditions  at 
specific  times.  The  books  are  maintained  on  a  calendar  year  basis  and  all  payments 
for  1972  dues  were  entered  in  1972  accounts.  Also,  all  payments  received  after 
December  31,  1971,  for  reinstatement  of  those  dropped  for  non-payment  of  dues 
during  1971,  appear  in  the  January  1972  records.  This  has  not  always  been  the 
case,  and  reinstatements  of  such  members  and  dues  received  from  continuing 
members  were  often  entered  before  the  books  were  closed  for  the  previous  year. 
It  will  be  noted  that  134  new  members  were  elected  during  the  year  and  32  per- 
sons were  reinstated  to  membership.  Of  the  160  members  dropped  during  1971, 
28   were   reinstated    in    1972   prior   to  February   15. 
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Membership 

Membership    Years 

1970  1971 

Membership  as  of  January   1    3333  3341 

New  members  during  year   171  134 

Reinstatements  during  year   24  32 

Gain  or  loss  in  junior  members    +  7  -)- 7 

202  173 

Deceased   during  year    34  46 

Resigned   during  year    27  44 

Dropped  during  year   133  160 

194  250 

Net  Cain   or  Loss    +8  — 77 

Membership  December  31    3341  3264 

Membership  Classification  by  Years 
For  each  of  the  membership  years  shown,  the  year  begins  on  February  1  and 
ends    on    January   31    of   the   following    year,    except    1968,    1969,    1970    and    1971. 
For   1968,   the  year  begins  on  February   1   and  ends  December  31.   For  1969,   1970 
and    1971,   the  year  begins  January   1   and  ends  December  31. 

1963  1964  1965  1966  1967  1968  1969  1970  1971 

Life   465  449  457  446  434  433  437  443  451 

Member    .  .  .   2573  2540  2516  2528  2665  2659  2577  2579  2502 

Associate   ...      270  267  268  263  265  258  264  257  244 

Junior    90  76  66  65  57  56  55  62  67 

Totals    3398     3332     3307     3302     3421     3406     3333     3341      3264 

Student    Affiliates 

Not  included  in  the  foregoing  tabulations  are  the  Student  Affiliates  enrolled 
in  the  Association  on  college  campuses.  As  to  the  October  1,  197 1-September  30, 
1972  academic  year,  as  of  January  15  there  were  11  students  from  two  campuses 
affiliated  with  AREA,  compared  with  26  students  from  14  different  campuses  as 
of  the  end  of  the  academic  year  1970-1971. 

From  late  1960,  when  the  Student  Affiliate  Program  started,  to  February  15, 
1972,  the  Association  has  enrolled  a  total  of  301  students  on  66  different  college 
and  university  campuses   in   the   United  States  and  Canada. 

Deaths    During    1971    Association    Year 

From  May  1,  1971,  to  May  1,  1972,  notice  was  received  at  Association  Head- 
quarters of  the  deaths  of  36  members,  9  fewer  than  during  the  previous  Association 
year    and    8    fewer    than    two    years    ago. 

One  of  the  deceased  was  AREA  Secretary  Emeritus,  Walter  S.  Lachcr,  who 
died  on  April  5,  1972,  just  two  days  before  his  88th  birthday.  He  had  served  as 
secretary  of  the  AREA  and  of  the  AAB  Engineering  Division  from  1938  until  his 
retirement  in   1950.  He  was  elected  Secretary  Emeritus  in  1054. 
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A  number  of  other  deceased  members  are  worthy  of  note,  either  for  the 
prominent  positions  they  had  attained  or  for  the  many  years  they  had  devoted  to 
committee  service.  They  are: 

H.  F.  Bober  (M  '24,  L  '59),  bridge  and  building  engineer  sysem,  Gulf,  Mobile 
&  Ohio  Railroad,  member  of  Committee  8 — Concrete  Structures  and  Foundations, 
1937-1938,  Committee  7— Timber  Structures,  1940-1943,  and  Committee  15 — 
Steel  Structures,  1949  until  the  time  of  his  death;  Walter  Buehler  (M  '10,  L  '46), 
retired  consulting  engineer,  member  of  former  Committee  17 — Wood  Preservation, 
since  1930,  having  been  elected  Member  Emeritus  in  1955;  H.  G.  Carter  (M  '24, 
L  '59),  retired  chief  engineer,  Central  of  Georgia  Railway,  member  of  Committee 
22 — Economics  of  Railway  Construction  and  Maintenance,  1940-1947,  and  Com- 
mittee 25 — Waterways  and  Harbors,  1952-1955;  C.  M.  Chumley  (M  '25,  L  '52), 
retired  engineer  maintenance  of  way,  Illinois  Central  Railroad,  member  of  Com- 
mittee 22 — Economics  of  Railway  Construction  and  Maintenance,  1939-1943,  and 
Committee  4— Rail,  1942-1953;  V.  H.  Doyle  (M  '31,  L  '57),  retired  assistant  to 
comptroller,  Chesapeake  &  Ohio  Railway,  member  of  Committee  11 — Engineering 
Records  and  Property  Accounting,  1932-1959;  L.  P.  Drew  (M  '25,  L  '59),  retired 
assistant  chief  engineer,  Union  Pacific  Railroad,  member  of  Committee  3 — Ties 
and  Wood  Preservation,  1948-1962,  Committee  8 — Concrete  Structures  and  Foun- 
dations, 1951-1957,  and  former  Committee  29 — Waterproofing,  1952-1955;  J.  E. 
Eisemann  (M  '48),  director  of  purchases  and  materials,  Atchison,  Topeka  &  Santa 
Fe  Railway,  member  of  Committee  22 — Economics  of  Railway  Construction  and 
Maintenance  since  1953,  serving  as  chairman  1961-1964;  R.  L.  Groover  (M  '44), 
retired  general  manager,  Atlantic  Coast  Line  Railroad,  AREA  director,  1948-1950, 
member  of  Committee  4 — Rail,  1948-1957,  and  Committee  25 — Waterways  and 
Harbors,  1952-1957;  W.  C.  Howe  (M  '49),  director  engineering  services,  Bessemer 
&  Lake  Erie  Railroad,  member  of  Committee  7 — Timber  Structures,  1949-1964, 
being  chairman  1954-1956,  and  Committee  15 — Steel  Structures,  since  1959;  A.  F. 
Huber  (A  '36,  L  '61),  member  of  Committee  5 — Track,  since  1936,  having  been 
elected  Member  Emeritus  in  1954,  and  having  served  as  committee  secretary  1950- 
1960;  C.  S.  Johnson  (M  '24,  L  '55),  retired  bridge  engineer,  Wabash  Railroad, 
member  of  Committee  7 — Timber  Structures,  1936-1956,  and  Committee  30 — Im- 
pact and  Bridge  Stresses,  1936-1956;  R.  O.  Stewart  (M  '18,  L  '54),  retired  chief 
engineer  of  operations,  Canadian  National  Railways;  A.  A.  Winter  (M  '23,  L  '63), 
retired  chief  engineer,  Atlanta  &  St.  Andrews  Bay  Railway,  member  of  Committee 
1 — Roadway  and  Ballast,  1947-1957;  Louis  Wolf  (M  '20,  L  '55),  retired  assistant 
engineer,  Missouri  Pacific  Railroad,  member  of  Committee  11 — Engineering  Records 
and  Property  Accounting,  since  1928,  having  been  elected  Member  Emeritus  in 
1958;  and  H.  R.  C.  Wooton  (M  '54),  manager  rail  operations,  Algoma  Central 
Railway. 


ACTIVITIES    OF   TECHNICAL    COMMITTEES 
Assignments 

During  1971  the  22  standing  committees  of  the  Association  worked  on  156 
assignments,  10  of  which  were  new.  In  addition,  the  Special  Committee  on  Con- 
crete Ties,  which  was  created  by  the  Board  of  Direction  in  1969,  completed  in 
preliminary  form  new  Specifications  for  Concrete  Cross  Ties  (and  Fastenings)  which 
were  published  as  information  and  for  comment  and  criticism  in  Bulletin  634, 
September-October    1 97 1 . 
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Many  of  the  subcommittees  held  their  own  meetings  before,  during  or  after  the 
scheduled  meetings  of  the  full  parent  committees.  At  the  full  committee  meetings, 
the  subcommittee  chairmen  reported  on  their  assignments  and  discussed  any  prob- 
lems with  the  work  with  other  members  of  the  full  committee.  This  procedure 
enables  the  wide  knowledge  and  experience  of  all  the  members  of  AREA  committees, 
from  a  large  number  of  railroads,  to  be  applied  to  the  studies  of  the  subcommittees. 

AREA  committee  work  is  directed  toward  the  preparation  of  reports  for  infor- 
mation, toward  revising  material  appearing  in  the  AREA  Manual  for  Railway  Engi- 
neering and  the  Portfolio  of  Trackwork  Plans,  and  toward  carrying  out  special 
projects  related  to  their  assignments. 

The  1971  statistics  show  that  our  22  standing  committees  produced  one  or 
more  information  reports  on  57  of  their  156  assignments  (not  including  Assignment 
A).  In  addition,  the  committees  submitted  9  reports  containing  Manual  recommen- 
dations, all  of  which  were  published  in  Part  1  of  the  November— December  Bulle- 
tin, separate  from  the  committee  reports.  Furthermore,  most  committees  presented 
brief  status  statements  with  respect  to  assignments  on  which  they  made  no  formal 
report. 

During  1972  the  committees  as  a  whole  will  work  on  157  assignments,  13  of 
which  are  new. 

Classification    of   Material 

The  work  of  AREA  committees  during  1971  was  so  diversified  that,  as  in  other 
years,  it  is  impossible  to  do  other  than  refer  to  it  in  general  terms  in  a  report  such 
as  this.  However,  the  following  is  a  general  categorical  classification  of  the  results 
of  this  work,  as  published  in  the  technical  Bulletins  of  the  Association. 

Recommendations  pertaining  to  the  development  or  revision  of  21  different 
specifications  and  recommended  practices  for  inclusion  in  the  AREA  Manual;  30 
reports  on  current  developments  in  engineering  practice  and  design,  including  6 
reports  on  research  projects  conducted  by  the  AAR  Research  and  Test  Department; 
7  reports  on  current  developments  in  systems  engineering,  data  processing  and  the 
use  of  computers  to  solve  problems  in  railway  construction,  operation  and  main- 
tenance; 6  reports  dealing  with  pollution  control;  8  reports  dealing  with  economy 
in  the  use  of  labor  and  the  training  and  recruiting  of  employees;  3  economic  and 
analytical  studies;  2  reports  on  relations  with  public  authorities;  3  reports  dealing 
with  statistics;  and  1  bibliography. 

Committee  work  affecting  the  AREA  Manual  included  the  presentation  of 
1  specification  for  adoption  and  4  tentative  specifications  as  information:  the  rewrit- 
ing or  revision  of  9  specifications;  the  presentation  of  1  recommended  practice  for 
adoption  and  1  tentative  recommended  practice  as  information;  and  the  revision  or 
rewriting  of  5  recommended  practices. 

Discussion    Section 

During  the  1971  Association  year,  subcommittee  reports,  papers  and  addresses 
published  in  the  technical  issues  of  the  Bulletin  were  again  advertised  as  open  for 
discussion,  and  a  Discussion  Section  was  included  in  Bulletin  836,  Januan  -Kebruan 
1972.  Also,  the  Ground  Rules  for  the  Discussion  Section  were  reprinted  in  two 
issues  of  the  Bulletin. 
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Personnel    of   Committees 

At  the  beginning  of  the  1971  Association  year  1163  members  were  assigned  to 
1291  places  on  the  Association's  22  technical  committees.  This  compares  with  1196 
members  assigned  to  1315  places  at  the  beginning  of  the  previous  year.  In  addition, 
9  members  were  assigned  to  the  Special  Committee  on  Concrete  Ties. 

AREA  committees  again  were  limited  to  a  maximum  membership  of  70  and 
to  the  number  from  each  railroad  depending  on  the  total  number  of  AREA  members 
on  the  railroad. 

In  the  1971  Handbook  of  Committee  Activity  the  names  of  committee  chair- 
men, vice  chairmen,  secretaries  and  subcommittee  chairmen  were  again  shown  in 
boldface  type  at  the  head  of  each  committee  roster. 

The  number  of  members  so  far  assigned  to  committees  for  1972  (as  of  March 
1)  is  somewhat  higher  than  a  year  ago;  specifically  1171  members  assigned  to  1292 
places. 

Committee    Meetings 

To  progress  work  on  their  assignments  the  22  standing  AREA  technical  com- 
mittees held  a  total  of  53  meetings  during  the  1971  Association  year  compared  with 
65  meetings  the  previous  year,  the  reduction  being  due  to  compliance  by  committee 
chairmen  with  the  request  by  the  Board  of  Direction  that  diey  hold  1971  meetings 
to  a  minimum.  In  addition,  the  Special  Committee  on  Concrete  Ties  held  2  meetings 
in  1971.  As  is  usually  the  case,  the  majority  of  these  meetings  were  held  in  Chicago 
or  at  points  central  to  the  largest  number  of  committee  members.  The  exceptions 
were  scheduled  to  permit  inspections  of  facilities,  operations  or  projects  which 
could  be  seen  only  by  going  to  those  points. 

Of  the  55  meetings  held  during  the  1971  Association  year,  28  were  held  in 
Chicago  (including  the  7  held  in  March  during  the  1971  AREA  Convention  and 
the  8  held  in  September  during  the  1971  Roadmasters'  &  Bridge  &  Building  Asso- 
ciations Convention);  5  were  held  in  St.  Louis,  Mo.;  2  each  were  held  in  Minne- 
apolis, Minn.,  Nashville,  Tenn.,  New  Orleans,  La.,  and  Washington,  D.  C;  and 
14  were  held  in  as  many  other  cities. 

The  number  of  meetings  held  during  the  year  by  each  committee  was  dictated 
by  the  scope  of  their  work  and  other  considerations.  Accordingly,  9  committees 
each  held  3  meetings  and  14  committees  each  held  2  meetings.  Combined  with 
their  meetings,  17  inspection  trips  were  made  by  AREA  committees  during  the 
year  to  see  facilities,  structures,  procedures,  projects  or  operations  directly  related 
to   their  work. 

ASSOCIATION    PUBLICATIONS 

In  1971  the  AREA  Bulletin  and  the  AREA  News  were  again  published  under 
the  new  schedules  put  into  effect  by  the  Board  of  Direction  in  1970 — the  Bulletins 
five  times  a  year  and  the  News  on  a  quarterly  basis,  Winter,  Spring,  Summer  and 
Fall.  The  Bulletins  in  Proceedings  Volume  73  will  be  Nos.  634,  September-October 
1971;  635,  November-December  1971;  636  January-February  1972;  and  638  June- 
July  1972.  Bulletin  637  will  be  the  blue-covered  April-May  Directory  Issue,  which 
is  not  a  part  of  the  Annual  Proceedings  of  the  Association. 

All  the  Manual  recommendations  submitted  by  committees  for  adoption  were 
again  published  separate  from  the  committees'  informational  reports — this  time  in 
Part   1   of  Bulletin  635,  November-December  1971. 
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The  1971  Handbook  of  Committee  Activity  was  again  published  in  April  in 
the  new  format  put  into  effect  in  1970,  that  is.  with  two  pages  oi  rules  ol  interest 
to    the    general    committee    membership    and    chief    engineering   and   maintenance 

officers  instead  of  the  35  pages  of  detailed  rules  and  style  standards  intended  pri- 
marily for  the  guidance  of  committee  chairmen,  vice  chairmen,  subcommittee  chair- 
men, and  secretaries,  that  had  appeared  in  editions  of  this  publication  prior  to 
1970.  These  detailed  rules  and  style  standards,  after  complete  revision,  will  l>e 
printed  in  a  separate  booklet  for  distribution  to  committee  officers. 

The  1971  Supplement  to  the  AREA  Manual  for  Railway  Engineering  contained 
176  pages  (88  sheets).  Its  price  was  established  at  $2.50  for  the  single  copy  allowed 
each  AREA  member  in  good  standing  for  his  personal  copy  of  the  Manual,  $3.75 
for  any  member  of  copies  ordered  by  an  AREA  member  in  good  standing  over 
and  above  his  personal  copy,  and  $5.00  for  non-members  of  the  Association.  How- 
ever, to  permit  committee  members  who  have  purchased  separate  copies  of  their 
committee's  Manual  Chapter  to  keep  them  up  to  date,  copies  of  the  1971  Supple- 
ment Sheets  pertaining  to  their  chapters  were  mailed  to  committee  members  without 
charge,  in  continuation  of  a  long-established  practice. 

No  Supplement  to  the  AREA  Portfolio  of  Trackwork  Plans  was  issued  in  1971. 

In  1971  the  Board  of  Direction  approved  the  placing  of  a  charge  for  the  Bulle- 
tin Binders  which  previously  were  furnished  without  charge  to  all  members  who 
had  standing  orders  for  them  on  file  at  Association  headquarters.  The  price  for 
members  was  established  at  $2.40;  for  others,  $4.00,  both  payable  in  advance. 

This  two-part,  hard-cover,  book-type  binder  is  designed  to  house  all  the  Bulle- 
tins in  the  publication  year,  which  starts  with  the  September-October  issue  and 
ends  with  the  June-July  issue,  with  the  exception  of  the  blue-covered  April-May 
Directory  issue  which  is  not  punched  for  binding. 

The  June-July  1971  Bulletin  contained  all  material  presented  at  the  March 
1971  Convention  having  technical  and  historic  interest:  the  president's  address. 
reports  of  the  executive  manager  and  treasurer,  special  Features,  panel  discussions, 
and  committee  reports  not  previously  published  in  the  committee  report  Bulletins. 
It  did  not,  however,  include  the  addresses  and  special  features  presented  during 
the  session  sponsored  by  the  AAR  Engineering  Division,  as  it  did  in    L970. 

LOOKING    AHEAD 

Here  are  the  presently  scheduled  dates  and  locations  tor  future  Conventions 
of  the  AREA,  all  at  the   Palmer  House.  Chicago: 

1973— March    19-21 

1974— March   18-20 

L975— March  24-20 

L976— March  22-24 
The  next  Regional  Meeting  will  be  held  on  October  20.  1972,  at  the  Regencj 
Hyatt  House,  Atlanta,  Ga.  Arrangements  and  planning  for  the  meeting  are  under 
the  direction  ol    \i;i   \  Director  H.   \.  Kelso,  i  hiil  engineer-line  maintenance,  South- 
ern  Railwav    System. 

As    reported,    our    membership    level    remains    high,   considering   the    reduction    in 

tin  number  "I  engineering  employees  on  the  railroads  and  other  factors  which  pre- 
vent participation  in  Association  functions.  Hut  it  will  not  stav  there  without  con- 
tinuing efforts  on  the  paii  ul  AREA  officers   director  and  members,  and  all  railroad 
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chieJ  engineering  and  maintenance  officers.  All  members  arc  urged  to  promote  their 
Association  to  their  associates  while  at  the  same  time  participating  themselves  in 
the  wide  range  oi  AREA  activities  pertaining  to  the  engineering,  design,  construc- 
tion and  maintenance  of  the  fixed  plant  of  our  railroads.  A  strong  AREA  can  make 
c\cn  greater  contributions  to  the  railroad  industry  than  it  has  in  the  past  72  years. 

Respectful!)   submitted, 

Earl  W.  Hodgkins, 
Executive   Manager  and   Secretary 


P.  S.  Baker  (M  '21,  L  '47) 
Retired    Assistant    Chief     Engineer,    Reading    Company,    Wyncote,     I'a. 

William  Baxter  (M  '60) 

Resident    Engineer,    Penn    Central    Transportation    Company,    Pittsburgh,    Pa. 

H.  F.  Bober  (M  '24,  L  '59) 
Bridge    and    Building    Engineer    System,    Gulf,    Mobile   &    Ohio    Railroad,    Mobile,    Ala. 

W.  F.  Bowers  (A  '61) 
Transportation    Consulting    Engineer,    WABCO,    Monorail    Division,    Wildwood,    N.    J. 

Walter  Buehler   (M   '10,  L  '46) 
Retired    Consulting    Engineer,    Lakeland,    Fla. 

H.  G.  Carter   (M  '24,  L  '59) 
Retired    Chief    Engineer,    Central    of    Georgia    Railway,    Severna    Park,    Md. 

C.  M.  Chumley   (M  '25,  L  '52) 
Retired    Engineer    Maintenance    of    Way,    Illinois    Central    Railroad,    Memphis,    Tenn. 

C.  C.  Cooke   (A  '26,  L  '66) 
President    and    General    Manager,    Fritz  Rumer-Cooke    Company,    Columbus,    Ohio 

R.  F.  Correll  (M  '43,  L  '70) 
Retired    Office    Engineer,    Atchison,    Topeka   iv    Santa    Fe   Railway,    Topeka,    Kans. 

Spencer  Danby  (M  '44,  L  '69) 

Retired    Valuation    Engineer,    Pennsylvania   Railroad,    Ardmore,    Pa. 

V.  H.  Doyle  (M  '31,  L  '57) 

Retired    Assistant    to    Comptroller,    Chesapeake    &    Ohio    Railway,    St.    Petersburg,    Fla. 

L.  P.  Drew  (M  '25,  L  '59) 

Retired    Assistant    Chief    Engineer,    Union    Pacific    Railroad,    McCall,    Ida. 

J.   E.   ElSEMANN    (M   '48) 
Director    of    Purchases   and    Materials,    Atchison,    Topeka   &    Santa    Fe    Railway,    Topeka,    Kans. 

C.  L.  Erb,  Jr.  (M  '69) 

Partner,    Howard,    Needles,    Tammen    &    Bergendoff,    Consulting    Engineers,    Kansas    City,    Mo. 

J.    J.   FlALA    (M    '60) 
Partner,    Hardesty    &    Hanover,    Consulting    Engineers,    New    York 

H.  C.  Floyd   (M  '44,  L  '69) 
Retired   Office  Engineer,    Southern   Railway  System,   Ft.   Thomas,    Ky. 

C.  J.  Gaines  (M  '60) 

Track    Engineer,    Burlington    Northern,    Inc.,    Omaha,   Neb. 

T.  F.  Greer  (M  '59) 
Superintendent,   North    Louisiana   &   Gulf   Railroad,   Hodge,   La. 
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R.  L.  Groover  (M  '44) 
[Yansportation    Consultants,    Int    (Retired    Assistant    General    Manager,    Atlantii    Coasl    Line    Rail 

Wilmington,    N.   C. 

V.  R.  Hayes  (M  '21,  L  '52) 
Retired   Division   Engineer,   Ann   Arbor   Railroad,    Toledo,   Ohio 

W.  C.  Howe  (M  '49) 

Directoi    Kngineering    Services,    Bessemer   &    Lake    Erie    Railroad,    Greenville,    Pa. 

A.  F.  Huber  (A  '36,  L  '61) 
Retired    Vice    President-Engineering,    Railroad    Products    Division,    American    Brake 
Company,    Evanston,    111. 

C.  S.  Johnson  (M  '24,  L  '55) 

Retired  Bridge  Engineer,  Wabash  Railroad,  St.  Louis,  Mo. 

J.   V.  Johnston    (M   '21,  L   '60) 
Retired   Assistant   Chief   Engineer,    Gulf,    Mobile   &   Ohio  Railroad,   Mobile,   Ala. 

S.  A.  Jordan  (M  '05,  L  '41) 

Retired    Engineer    Maintenance    of    Way,    Baltimore    &   Ohio    Railroad,    Santurce,    Puerto    Rico 

H.  F.  King  (M  '21,  L  '48) 
Retired  Special   Engineer,   Erie  Railroad,   Fort  Lauderdale,   Fla. 

J.  A.  Penner   (M   '66) 

Architectural    Engineer,    Penn    Central    Transportation    Company,    Philadelphia,    Pa. 

0.  M.  Sandvold   (M  '62) 
Assistant   Division   Engineer,   Chicago,   Rock  Island  &   Pacific   Railroad,   Des   Moines,   Iowa 

A.  D.  Schnacke  (M  '19,  L  '54) 
Retired   Assistant    Engineer,    Atchison,    Topeka   &    Santa    Fe    Railway,    Topeka,    Kans. 

R.  O.  Stewart  (M  '18,  L  '54) 
Retired  Chief  Engineer  of  Operations,  Canadian  National   Railways,  Dorval,  Que.,   Canada 

H.  H.  Tripp  (M  '28,  L  '54) 
Retired    Division    Engineer,    Canadian    Pacific    Railway,    St.    Catherines,    Ont.,    Canada 

J.  W.  Wheeler  (M  '37,  L  '62) 
Retired   Executive   Assistant,    Chicago,    Burlington   &   Quincy   Railroad,    Crown   Point,   Ind. 

A.  A.  Winter  (M  '23,  L  '63) 
Retired    Chief    Engineer,   Atlanta  &   St.    Andrews    Bay    Railway,   Savannah,    Ga 

Louis  Wolf  (M  '20,  L  '55) 
Retired    Assistant    Engineer,    Missouri    Pacific    Railroad,    St.    Louis,    Mo 

H.  R.  C.  Wootton  (M  '54) 
Manager-  Rail   Operations,   Algoma   Central   Railway,   Sault   Ste.    Marii 
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Report  of  the  Treasurer 

December  31,  1971. 

To    I  Hi     Ml  MB]  RS: 

In  considering  the  1971  budget  it  was  not  anticipated  that  a  balanced  budget 

could    be    achieved    and    it    was    anticipated    that    Association    disbursements    would 

exceed  receipts  1>\   SN.100. 

A  review  of  the  total  financial  picture  of  the  Association  for  1971  shows  that 
while  a  deficit  of  $8,100  had  been  anticipated  the  actual  deficit  was  only  S2, 247.42. 
It  should  be  noted  that  total  expenditures,  expected  to  be  $117,150.  were  held  to 
8116,004.    approximately   $1,146   below   the   approved   budget. 

Although  receipts  on  Membership  accounts  were  down  $2,380  from  the  1971 
estimate  and  $1,621  below  1970  receipts,  total  receipts  exceeded  estimated  receipts 
In   $4,583  due  to  outstanding  Manual  sales  during  the  year. 

A  new  invoicing  system  for  notifying  members  that  it  was  time  to  pay  their 
annual  dues  was  initiated  during  the  last  quarter  of  1971.  As  a  result,  a  large 
percentage  of  the  membership  paid  their  1972  dues  prior  to  January  1,  1972,  but  the 
Association  books  are  now  maintained  on  a  calendar  year  basis  and  all  payments 
received  for  1972  dues  were  entered  after  January  1.  This  policy  should  yield  a 
more  accurate'  accounting  for  1972  and  future  years  hut  it  does  reflect  in  the  low 
receipts  in  "Membership  Accounts"  for  December  1971  as  compared  to  previous 
years  when  such  "advance  payment"  of  dues  for  the  following  year  was  included 
in   the  closing  year's  receipts. 

A  brief  review  of  the  1971  financial  picture  shows  total  receipts  slightly  higher 
than  last  year.  Revenue  from  membership  dues  was  slightly  lower  than  estimated 
for  1971  and  slightly  lower  than  1970,  but  receipts  from  the  sale  of  publications 
w«  re  up  $8,184.56  over  the  estimated  amount  and  exceeded  1970  sales  by  $4,433.81. 
The  balance  of  the  receipts  item  indicated  over  under  receipts  as  follows:  Student 
Affiliate  Fees  S2S  under;  Advertising  $557.63  under;  Miscellaneous  $7.21  over; 
Interest  ,,f  S742.50  over;  Convention  S172.57  under.  The  policy  established  in  1969 
to  pass  the  cost  of  publication  shipping  on  to  the  purchaser  resulted  in  receipts  of 
S1.7S7.29  (Publication  Shipping).  This  is  $1,212.71  below  the  budget  figure  that 
was  submitted  as  an  estimate  without  previous  experience  on  which  to  base  a 
projected   figure. 

Manual  receipts  are  continuing  on  a  high  level,  exceeding  1^)70  1>\  $5,020.67 
and  exceeding  the  all-time  high  established  in  1968  by  $3,360.49.  This  is  indicative 
of  the  high  regard  given  this  important  Association  publication  both  in  this  countrj 
and  abroad.  Receipts  tor  Trackwork  Plans  for  1971,  while  only  slightly  higher  than 
in   L970,  easilj   exceeds  tin-  average  over  the  past  nine    years  and  continue  to  hold 

their   place    in    the    economic    structure   of   the   Association. 

Due  to  tin-  efforts  ot  the  Special   Board  (' ittee  on    Advertising,  including 

each  member  of  the  Hoard,  advertising  receipts  for  ll)71  totaled  $5,442.37  and 
placed  revenue  from  this  service  almost  on  a  par  with  the  level  reached  five  years 
ago.  This  has  been  done  in  spite  <>(  adverse  circumstances — reduced  advertising 
budgets  of  railway  supplj  companies,  lower  old-line  railway  suppl)  companies 
through  mergers  and  dissolutions,  and  mergers  of  old-line  companies  into  con- 
glomerates whoso  managements  have  onlj  marginal  interest  m  the  railroad  industry. 
These  same  conditions  also  confront  regular  trade  publications  and  an-  significant!) 
evident  in  the  reduced  amount  oi  advertising  in  that  nucha. 
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It  is  hoped  that  the  new  Special  Board  Committee  on  Advertising  will  continue 
the  upward  trend  in  advertising  and  Board  members  will  be  further  stimulated  by 
this  success  to  bring  to  the  attention  of  supply  company  executives  who  call  on 
them,  the  advantages  of  advertising  in  the  AREA  Bulletin.  Furthermore,  the  busi- 
ness card  directory  of  consulting  engineers  is  proving  to  be  a  popular  advertising 
vehicle  for  those  consulting  engineering  firms  particularly  interested  in  doing  work 
for  railroads. 

Some  Budget  items — Social  Security,  Insurance,  Unemployment  Tax,  Rental, 
Telephone,  Refunds,  Miscellaneous  and  Extraordinary — are  comparatively  static 
items  and  recur  with  little  change  in  annual  expenditure.  These  require  little  explana- 
tion. 

While  many  of  the  Disbursement  items  are  of  a  recurring  nature,  Salaries  and 
the  related  item  of  Social  Security  and  Insurance  and  Unemployment  tax  were 
underexpended  by  $2,408  due  mainly  to  the  fact  that  the  steno-clerk  position  in 
the  joint  headquarters  was  only  filled  part  time  at  total  AREA  expense. 

As  the  steno-clerk  position  was  not  filled  full  time,  "Special  Services"  included 
the  cost  of  part-time  help  but  was  underexpended  by  $129.43.  Officers  Expense  was 
overexpended  by  $329.37. 

The  total  item  Printing  was  overexpended  by  only  $22.54  and  took  into  con- 
sideration the  consolidation  of  some  publications  and  change  in  the  frequency  of 
publication.  The  Winter  issue  of  the  AREA  News  was  published  in  January  and 
four  issues  were  published  in  1971. 

Supplies  was  underexpended  $124.25  but  the  budget  item  had  been  increased 
45  percent  to  offset  the  cost  for  supplies  for  increased  administrative  services  to 
technical  committees  and  the  increased  supplies  utilized  at  headquarters.  In  addition, 
new  control  procedures  on  publication  sales  has  resulted  in  some  additional  supply 
costs  that  are  more  than  offset  by  increased  income  from  the  sale  of  publications. 

It  should  be  noted  that  the  volume  of  publication  sales  and  revenue  has  more 
than  doubled  in  the  past  eight  years  and  continuous  to  increase.  To  cope  with  the 
demands  of  industry  on  our  mail-order  operation  has  required  an  increasing  amount 
of  correspondence,  records  and  bookkeeping  resulting  in  a  significant  increase  in  the 
amount  of  time  and  materials  used. 

In  all,  we  have  had  a  record  year  for  total  receipts  and  have  been  successful 
in  holding  disbursements  at  a  level  significantly  below  the  budget  level.  We  will 
be  hard-pressed  to  achieve  similar  results  in  1972.  Inflation  is  increasing  virtually 
all  items  of  AREA  expenditures.  Thus,  to  come  anywhere  near  balancing  receipts 
and  expenditures  will  require  concerted  efforts  on  the  part  of  all  officers  and  mem- 
bers of  the  Association  to  increase  AREA  membership,  and  promote  publication 
sales  and  advertising  in  the  Bulletin. 

Following  is  a  Comparison  of  Receipts  and  Disbursements  for  the  Last  20  Years, 
Financial  Statement  for  Calendar  Year  Ending  December  31,  1971,  a  Statement 
of  Assets,   and  a  General  Balance  Sheet. 


Respectfully   submitted, 

A.  B.  Hillman,  Jr., 

Treasurer. 
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COMPARISON    OF    RECEIPTS    AND    DISBURSEMENTS    FOR    THE    LAST    20    YEARS 


Receipts  Disbursements  Net  Gain 

I'.i.YJ  $  77,514.00  S  76,964.00  %      550.00 

L953  73,033.00  82,007.00  9,034  79" 

L954  85,748. 99  68,003.03  17,745.96* 

L955  80,177.21  73,923.18  0,254.03 

1956  70,531.11  70,336.17  0,014. 04 

1057                                                85,420.31  80,830.57  1,101.20* 

1058.  81,454.56  77,348.02  4,105.64 

1050  80,407.10  80,207.48  100.68 

1000  81,138.70  83,078.20  2,839.50 

1001 ...  83,401.73  73,410.20  10,051.53 

1002  70,007.28  87,344.12  11,246.84* 

1963                                                 73,653.48  66,150.00  7,496.49 

1004                                          74,834.81  78, IIS. 00  3,283.85* 

1965  81,330.73  73,895.90  7,440.83 

1966  84,500.01  80,454.00  4,136.91 

1007  ...         78,724.17  101,087.51  22,303.34* 

1008  97,639.94  111,054.20  13,414.20* 
1000                                                100,803.16  112,741.02  2,848.46* 

1070  113,245.85  108,305.33  4,040.52 

1071           113,756.51  116,003.03  2,247.42* 

♦Deficit. 


FINANCIAL   STATEMENT    FOR    CALENDAR    YEAR    ENDING    DECEMBER    31,    1971 


Receipts 
Balanceon  Hand  January  l,  1071     $122,631.22 

Membership  Account 

Entrance  Fees $  1,365.00 

Dues 56,255.00 

%  57,620.00 

Sale  oi  Publications 

Proceedings      %  2,705.25 

Bulletins  4,253.65 

Manuals 23,295.49 

Track  Plans        3,887.50 

Specifications  2,oi2.o, 

Publication  Shipping  1,787.29 

$  37,971  85 

Advertising  hi  Publications  ...        s  5,112.37 

Annual  Meeting  Registration  Fees     5,827.43 

Interest  on  Investments  -.        6,242.50 

Interest  on  Special  Savings  Accounl       . 123   L5 

Miscellaneous  and  Student  Affiliate  Fees...  529  21 

S  is,  10 1  66 

Total  $113,756  51 
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Disbursements 

Salaries                           $32,054.67 

Bulletins  and  Proceedings 30,217.87 

Stationery  and  Print  ins 7,374.60 

Rent 1,140.00 

Shipping  Charges 5,606.01 

Supplies 775 .  75 

Audit 350.00 

1  'ensions  _  .  _  . 5 ,  026 .  80 

Social  Security  and  Insurance 

Unemployment  Tax 2,712.18 

Manuals 14,044.48 

Refunds 254 .  59 

Committee  and  Officers  Expenses 1 ,088 .  27 

Newsletter 3,761.08 

Student  Affiliates • 20.00 

Telephone  Expense 939.92 

Track  Plans 999.11 

Professors  Expense 4, 019. 08 

Miscellaneous  and  Extraordinary 845.46 

Annual  Meeting 4, 774 . 06 

Total $116,003.93 

Excess  of  Disbursements  over  Receipts ($     2, 247 . 42 ) 

Balance  on  Hand  December  31,  1971 $120,383.80 


STATEMENT   OF  ASSETS 
Balance  on  Hand  January  1,  1971 $122,031  .22 

Receipts *$1 13.750.51 

Paid  out  on  Audited  Vouchers 1 16 ,003 .  93 

Excess  of  Disbursements  over  Receipts 2,247.42 

Balance  on  Hand  December  31,  1971 $120,383.80 

Consisting  of: 

Bonds  at  Cost $111,717.43 

Cash  in  Northern  Trust  Company — ( 1 ,  699 .  28 ) 

Savings  Account  in  Northern  Trust  Company     *10,340.65 

Petty  Cash _' 25.00 


$120,383.80 
Cost  of  Bonds $         282.57 


Financial  Assets  with  Bonds  adjusted  to  Par  Value,..  $120,666.37 

Balance  on  Hand  December  31,  1971 $120,666.37 

*Includes  $123.15  interest  paid  on  Savings  Account  during  1971. 
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general  balance  sheet — 1971 
Assets: 

Cash  in  Northern  Trust  Company $     1,699.28 

Cash  in  Special  Savings  Accounl   10,217.50 

Interest  on  Special  Savings  Accounl     123.15 

Pctt)  Cash 25.00 

Due  from  Advertising. 48.25 

Prepaid  Postage           128.32 

Furniture  and  Fixtures  I  ,<)<)().<)<) 

Inventories: 

Publications  on  Hand  500.00 

Track  Plans  and  Loose  Plans 750.00 

Manuals _             2,250.00 

Hinders                        3,342.13 

( 'ha | it crs.  Specifications,  etc 1,800.00 

Invest  incuts   I  12,000.00 

Interest  Accrued  on  Investments   943.41 

Total  Assets $131,438.48 

Liabilities: 

Members  dues  paid  in  advance $          514.90 

Surplus                 130,923.58 

Total $131,  138    is 
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American  Railway  Engineering 
Association 


CONSTITUTION 

Revised  to  November  14,  1968 


Article  I 
Name,  Object  and  Location 

1.  Name 

The  name  of  this  Association  shall  be  the  AMERICAN  RAILWAY  ENGINEERING 
ASSOCIATION. 

2.  Object 

The  object  of  the  Association  shall  be  the  advancement  of  knowledge  pertaining 
to  the  scientific  and  economic  location,  construction,  operation  and  maintenance  of 
railways. 

3.  Means  to  be  Used 

The  means  to  be  used  for  this  purpose  shall  be: 

(a)  The  investigation  of  matters  pertaining  to  the  object  of  the  Association  through 
Study  and  Research  Committees. 

(b)  Meeting  for  the  presentation  and  discussion  of  papers,  and  for  action  on  the 
recommendations  of  committees. 

(c)  The  publication  of  papers,  reports  and  discussions. 

4.  Conclusions 

The  conclusions  adopted  by  the  Association  shall  be  recommendatory. 

5.  Location 

The  office  of  the  Association  shall  be  located  in  Chicago,  111. 

Article  II 

Membership 

1.  Classes 

The  membership  of  this  Association  shall  be  divided  into  five  classes:  Members, 
Life  Members,  Honorary  Members.  Associates  and  Junior  Members. 

2.  Qualifications 

A.  General 

(a)  An  applicant  to  be  eligible  for  membership  in  any  class  other  than  that  of 
Junior  Member  shall  be  not  less  than  25  years  of  age. 

707 


708        Bulletin  638 — American  Railway  Engineering  Association 

(b)  To  be  eligible  for  membership  in  any  class,  or  for  retention  of  membership  as  a 
Member,  an  Associate  or  a  Junior  Member,  a  person  shall  not  be  engaged  directly  or 
primarily  in  the  sale  to  the  railways  of  appliances,  supplies,  patents  or  patented  services. 

(c)  The  right  to  membership  shall  not  be  terminated  by  retirement  from  active 
service. 

(d)  In  determining  the  eligibility  for  membership  in  any  class,  graduation  in  engineer- 
ing from  a  school  of  recognized  standing  shall  be  considered  as  equivalent  to  three  years 
of  active  practice,  and  satisfactory  completion  of  each  year  of  work  in  such  school, 
without  graduation,  shall  be  considered  as  equivalent  to  one-half  year  of  active  practice. 

(e)  In  determining  the  eligibility  for  Member  under  Section  B  (a)  of  this  Article, 
each  year  of  practical  experience  in  engineering,  or  in  science  related  thereof,  prior  to 
employment  on  a  railway,  if  such  experience  were  of  the  same  specialized  character  as 
the  current  work  of  the  applicant,  shall  be  considered  as  equivalent  to  one  year  of 
railway  service. 

B.  Member 

A  Member  shall  be: 

(a)  A  railway  engineer  or  officer  who  has  had  not  less  than  five  years'  experience 
in  the  location,  construction,  operation  or  maintenance  of  railways  and  who  is  employed 
by  a  common-carrier  railway  corporation,  by  an  approved  association  of  railroads  or 
railway  engineers  or  officers,  or  by  a  non-common-carrier  railway  if  his  primary  duties 
consist  entirely  or  primarily  of  the  location,  construction,  operation  or  maintenance  of 
a  railway  plant  and  facilities. 

(b)  A  dean,  professor,  assistant  professor,  or  equivalent  in  engineering  in  a  university 
or  college  of  recognized  standing,  or  an  instructor  or  equivalent  in  such  university  or 
college,  who,  with  an  engineering  degree,  has  had  at  least  two  years'  experience  in 
teaching  engineering. 

(c)  An  engineer  or  member  of  a  public  board,  commission  or  other  official  agency 
who,  in  the  discharge  of  his  regular  duties,  deals  with  railway  problems. 

(d)  An  editor  of  a  trade  or  technical  magazine  who,  in  the  discharge  of  his  regular 
duties,  deals  with  railway  problems,  and  who  has  had  the  equivalent  of  five  years' 
engineering  or  railway  experience. 

(e)  A  consulting  engineer  or  contractor,  or  an  engineer  in  their  employ,  engaged  in 
the  engineering,  construction  and  maintenance  of  railroad-related  facilities  or  an  engineer 
employed  by  a  technical  service  or  research  and  development  organization  who  has  had 
the  equivalent  of  five  years'  engineering  experience. 

(f)  An  officer  or  engineer  of  an  engineering  or  scientific  society  or  association 
whose  aims  and  objectives  are  compatible  with  the  aims  and  objectives  of  this 
association. 

C.  Life  Member 

A  Life  Member  shall  be  a  Past  President  of  the  Association  who  has  been  retired 
under  a  recognized  retirement  plan,  or  a  Member  or  an  Associate  who  has  paid  dues 
for  35  years  or  who  has  been  retired  under  a  recognized  retirement  plan  and  has  paid 
dues  for  not  less  than  25  years. 

D.  Honorary  Member 

(a)  An  Honorary  Member  shall  be  a  person  of  acknowledged  eminence  in  railways 
engineering  or  management. 

(b)  The  number  of  Honorary  Members  shall  be  limited  to  ten. 


Constitution  709 


E.  Associate 

An  Associate  shall  be: 

(a)  A  member  of  a  railway  supply  company  or  association  who  meets  the  qualifica- 
tions of  Section  2,  Paragraph  A  (a)  and  (b). 

(b)  A  person  qualified  by  training  and  experience  to  cooperate  with  Members  in  the 
object  of  this  Association,  but  who  is  not  qualified  to  become  a  Member. 

F.  Junior  Member 

(a)  A  Junior  Member  shall  be  not  less  than  21  years  of  £ge,  shall  have  had  not 
less  than  three  years'  experience  in  the  location,  construction,  operation  or  maintenance 
of  railways,  and  shall  be  an  employee  of  a  railway  corporation,  or  one  of  the  organiza- 
tions or  institutions  listed  under  Section  B  of  this  Article,  or  a  railway  supply  company 
if  he  qualifies  under  Section  2,  Paragraph  A  (b)  of  this  Article. 

(b)  His  membership  in  this  classification  in  the  Association  shall  terminate  at  the 
end  of  the  calendar  year  in  which  he  becomes  30  years  of  age. 

(c)  He  may  make  application  for  membership  other  than  as  a  Junior  Member  at 
any  time  when  he  becomes  eligible  to  do  so. 

3.  Transfers 

The  Board  of  Direction  shall  transfer  from  one  class  of  membership  to  another, 
or  may  remove  from  membership,  any  person  whose  qualifications  so  change  as  to 
warrant  such  action. 

4.  Rights 

(a)  Members,  and  Life  Members  who  were  formerly  Members,  shall  have  all  the 
rights  and  privileges  of  the  Association.  Life  Members  who  were  formerly  Associates 
shall  continue  to  have  all  the  rights  and  privileges  of  Associates. 

(b)  Honorary  Members  shall  have  all  the  rights  and  privileges  of  the  Association 
except  those  of  holding  elective  office,  provided,  however,  that  Members  or  Life  Members 
who  are  elected  Honorary  Members  shall  retain  all  the  rights  and  privileges  of  the 
Association. 

(c)  Associates  and  Junior  Members  shall  have  all  the  rights  and  privileges  of  the 
Association  except  those  of  voting  and  holding  elective  office. 


Article  III 
Admission,  Resignation,  Expulsion  and  Reinstatement 

1.  Charter  Membership 

The  Charter  Membership  of  this  Association  consists  of  all  persons  elected  to  mem- 
bership before  March   IS,  1900. 

2.  Application  for  Membership 

(a)  A  person  desirous  of  membership  in  this  Association  shall  make  application 
upon  the  form  provided  by  the  Board  of  Direction.  In  the  event  that  Junior  Membership 
is  desired,  the  applicant  shall  so  state. 

(b)  The  applicant  shall  give  the  names  of  at  least  three  Members  of  this  Asso- 
ciation to  whom  personally  known.  Each  of  these  Members  shall  be  requested  by  the 
Executive  Manager  of  the  Association  to  certify  to  a  personal  knowledge  of  the  applicant 
with  an  opinion  of  the  applicant's  qualifications  for  membership. 
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(c)  If  an  applicant  is  not  personally  known  to  as  many  as  three  Members  of  this 
Association,  the  names  of  well-known  persons  engaged  in  railway  or  allied  professional 
work  to  whom  he  is  personally  known  shall  be  substituted,  as  necessary,  to  provide  a 
total  of  at  least  three  references.  Each  of  these  persons  shall  be  requested  by  the  Executive 
Manager  of  the  Association  to  certify  to  a  personal  knowledge  of  the  applicant,  with  an 
opinion   of   the  applicant's  qualifications  for  membership. 

(d)  No  further  action  shall  be  taken  upon  the  application  until  replies  have  been 
received  from  at  least  three  of  the  persons  named  by  the  applicant  as  references. 

3.  Election  to  Membership 

(a)  Upon  completion  of  the  application  in  accordance  with  Section  2  of  this  Article 
the  Board  of  Direction  through  its  Membership  Committee  shall  consider  the  application 
and  make  such  investigation  as  it  may  consider  desirable  or  necessary. 

(b)  Upon  completion  of  such  consideration  and  investigation,  each  member  of  the 
Board  of  Direction  shall  be  supplied  with  the  required  information,  together  with  the 
recommendation  of  the  Membership  Committee  as  to  the  class  of  membership,  if  any, 
to  which  the  applicant  is  eligible,  and  the  admission  of  the  applicant  shall  be  canvassed  by 
ballot  among  the  members  of  the  Board  of  Direction. 

(c)  In  the  event  that  an  application  has  been  made  under  the  provisions  of  Section 
2,  Paragraphs  (a)  and  (b)  of  this  Article,  a  two-thirds  affirmative  vote  of  the  entire 
Board  of  Direction  shall  be  required  for  election. 

(d)  In  the  event  that  an  application  has  been  made  under  the  provision  of  Section 
2,  Paragraphs  (a)  and  (c)  of  the  Article,  a  unanimous  affirmative  vote  of  the  entire 
Board  of  Direction  shall  be  required  for  election. 

4.  Subscription  to  the  Constitution 

An  applicant  for  any  class  of  membership  in  this  Association  shall  declare  his  willing- 
ness to  abide  by  the  Constitution  of  the  Association  in  his  application  for  membership. 

5.  Honorary  Member 

A  proposal  for  Honorary  Membership  shall  be  endorsed  by  ten  or  more  Members 
of  the  Association  and  a  copy  furnished  each  member  of  the  Board  of  Direction.  The 
nominee  shall  be  declared  an  Honorary  Member  upon  receiving  a  unanimous  vote  of  the 
entire  Board  of  Direction. 

6.  Resignation 

The  Board  of  Direction  shall  accept  the  resignation,  tendered  in  writing,  of  any 
person  holding  membership  in  the  Association  whose  obligations  to  the  Association  have 

been  fulfilled. 

7.  Expulsion 

Charges  of  misconduct  on  the  part  of  anyone  holding  membership  in  this  Association, 
if  in  writing  and  signed  by  ten  or  more  Members,  may  be  submitted  to  the  Board  of 
Direction  for  examination  and  action.  If,  in  the  opinion  of  the  Board  action  is  war- 
ranted, the  person  complained  of  shall  be  served  with  a  copy  of  such  charges  and  shall 
be  given  an  opportunity  to  answer  them  to  the  Board  of  Direction.  After  such  oppor- 
tunity has  been  given,  the  Board  of  Direction  shall  take  final  action.  A  two-thirds 
affirmative  vote  of  the  entire  Board  of  Direction  shall  be  required  for  expulsion. 


Constitution  i  I  I 


8.  Reinstatement 

(a)  A  person  having  been  a  Member,  an  Associate  or  a  Junior  Member  of  this 
Association  and  having  resigned  such  membership  while  in  good  standing  may  be 
reinstated  by  a  two-thirds  affirmative  vote  of  the  entire  Board  of  Direction. 

(b)  A  person  having  been  a  Member,  an  Associate  or  a  Junior  Member  of  this 
Association  and  having  forfeited  membership  under  the  provisions  of  Article  IV,  Section 
3,  may,  upon  such  conditions  as  may  be  fixed  by  the  Board,  be  reinstated  by  a  two-thirds 
affirmative  vote  of  the  entire  Board  of  Direction. 


Article  IV 

Dues 

1.  Entrance  Fee 

(a)  An  entrance  fee  of  $10  shall  be  payable  to  the  Association  with  each  application 
for  membership  other  than  Junior  Membership.  This  sum  shall  be  returned  to  an  applicant 
not  elected. 

(b)  An  entrance  fee  of  $5  shall  be  payable  to  the  Association  with  each  application 
for  Junior  Member,  which  sum  shall  be  returned  to  an  applicant  not  elected.  When  a 
Junior  Member  transfers  to  the  Member  or  Associate  Member  class  the  previously  paid 
$5  entrance  fee  shall  be  credited  towards  the  entrance  fee  for  the  class  to  which  trans- 
ferring. However,  the  Junior  Member  entrance  fee  shall  not  be  returnable  should  the 
individual  resign  from  the  Association  or  allow  his  membership  to  lapse.  Neither  shall 
it  be  applicable  to  the  dues  for  any  year. 

2.  Annual  Dues 

(a)  The  annual  dues  for  each  Member  and  each  Associate  shall  be  $20. 

(b)  The  annual  dues  for  each  Junior  Member  shall  be  $7.50. 

(c)  Life  Members  and  Honorary  Members  shall  be  exempt  from  the  payment  ol 
dues.  Life  Members  desiring  to  continue  to  receive  the  Bulletins  and  Proceedings  of  the 
Association  may  do  so  by  paying  a  subscription  fee  prescribed  by  the  Board  of  Direction 

3.  Arrears 

A  person  whose  dues  are  not  paid  before  April  1  of  the  current  year  shall  be  notified 
by  the  Executive  Manager.  If  the  dues  are  still  unpaid  on  July  1,  further  notice  shall  be 
given,  informing  the  person  that  he  is  not  in  good  standing  in  the  Association.  If  the  dues 
remain  unpaid  by  October  1,  the  person  shall  be  notified  that  he  will  no  longer  receive 
the  publications  of  the  Association.  If  the  dues  are  not  paid  by  December  31,  the  person 
shall  forfeit  membership  without  further  action  or  notice,  except  as  provided  for  in 
Section  4  of  this  Article. 

4.  Remission  of  Dues 

The  Board  of  Direction  may  extend  the  time  of  payment  of  dues,  and  may  remit 
the  dues  of  any  Member,  Associate  or  Junior  Member  who.  for  good  reason,  is  unable 
to  pay  them. 

Article  V 

Officers 
1.   Officers 

(a)  The  officers  of  the  Association  shall  be  a  President,  two  Vice  Presidents, 
twelve  Directors,  an  Executive  Manager  and  a  Treasurer. 
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(b)  The  President,  the  Vice  Presidents,  the  Directors  and  the  two  Past  Presidents 
on  the  Board  of  Direction  shall  be  Members  and  shall  act  as  the  trustees  and  have  the 
custody  of  all  property  belonging  to  the  Association. 

(c)  The  Executive  Manager  and  the  Treasurer  shall  be  appointed  by  the  Board  of 
Direction. 

2.  Term  of  Office 

The  term  of  office  of  the  President  shall  be  one  year,  of  the  Vice  Presidents  two 
years  and  of  the  Directors  three  years.  The  term  of  each  shall  begin  at  the  close  of 
the  annual  convention  at  which  elected  and  continue  until  a  successor  is  qualified. 
All  other  officers  and  employees  shall  hold  office  or  position  at  the  pleasure  of  the  Board 
of  Direction. 

3.  Officers  Elected  Annually 

(a)  There  shall  be  elected  at  each  annual  convention  a  President,  one  Vice  President 
and  four  Directors. 

(b)  The  candidates  for  President  and  for  Vice  President  shall  be  selected  from 
the  members  or  past  members  of  the  Board  of  Direction. 

4.  Conditions  of  Re-election  of  Officers 

A  President  shall  be  ineligible  for  re-election,  except  as  provided  for  in  Section  5  (e) 
of  this  Article.  Vice  Presidents  and  Directors  shall  be  ineligible  for  re-election  to  the  same 
office,  except  as  provided  for  in  Section  5  (e)  of  this  Article,  until,  at  least  one  full 
term  has  elapsed  after  the  end  of  their  respective  terms. 

5.  Vacancies  in  Offices 

(a)  If  a  vacancy  should  occur  in  the  office  of  President,  as  set  forth  in  Section  6 
of  this  Article,  the  senior  Vice  President  shall  immediately  and  automatically  become 
President  for  the  unexpired  term. 

(b)  If  a  vacancy  should  occur  in  the  office  of  the  senior  Vice  President,  due  to 
advancement  under  Section  5  (a)  of  this  Article,  or  for  reasons  set  forth  in  Section  6 
of  this  Article,  the  junior  Vice  President  shall  automatically  become  senior  Vice  President 
for  the  unexpired  term. 

(c)  If  a  vacancy  should  occur  in  the  office  of  the  junior  Vice  President,  due  to 
advancement  under  Section  5  (b)  of  this  Article,  or  for  reasons  set  forth  in  Section  6 
of  this  Article,  the  Board  of  Direction  shall  by  the  affirmative  vote  of  two-thirds  of  its 
entire  membership,  select  a  junior  Vice  President  from  the  members  or  past  members 
of  the  Board  of  Direction, 

(d)  A  vacancy  in  the  office  of  Director,  due  to  advancement  of  a  Director  to  junior 
Vice  President  under  Section  5  (c)  of  this  Article,  or  for  reasons  set  forth  in  Section  6 
of  this  Article,  shall  be  filled  by  the  Board  of  Direction  by  the  affirmative  vote  of 
two-thirds  of  its  entire  membership. 

(e)  An  incumbent  in  any  office  for  an  unexpired  term  shall  be  eligible  for  re-election 
to  the  office  held;  provided,  however,  that  anyone  selected  to  fill  a  vacancy  as  Director 
shall  be  eligible  for  election  to  that  office,  excepting  that  such  appointee  filling  out  an 
unexpired  term  of  two  years  or  more  shall  be  considered  as  coming  within  the  provisions 
of  Section  4  of  this  Article. 
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6.  Vacation  of  Office 

(a)  In  the  event  of  the  death  of  an  elected  officer,  or  his  resignation  from  office, 
or  if  he  should  cease  to  be  a  Member  of  the  Association  as  provided  in  Section  2  (B), 
Article  II;  Section  6  or  7,  Article  III;  or  Section  3,  Article  IV,  the  office  shall  be  con- 
sidered as  vacated. 

(b)  In  the  event  of  the  disability  of  an  officer  or  neglect  in  the  performance  of  duty 
by  an  officer,  the  Board  of  Direction,  by  the  affirmative  vote  of  two-thirds  of  its  entire 
membership  shall  have  the  power  to  declare  the  office  vacant. 


Article  VI 
Nomination  and  Election  of  Officers 

1.  Nominating  Committee 

(a)  There  shall  be  a  Nominating  Committee  composed  of  the  five  latest  living  Past 
Presidents  of  the  Association,  who  are  Members,  and  five  Members  who  are  not 
officers. 

(b)  The  five  Members  who  are  not  Past  Presidents  shall  be  elected  annually  for  a 
term  of  one  year,  when  the  officers  of  the  Association  are  elected. 

(c)  The  senior  Past  President  who  is  a  member  of  the  committee  shall  be  the 
chairman  of  the  committee.  In  the  absence  of  the  senior  Past  President  from  a  meeting 
of  the  committee  the  Past  President  next  in  seniority  present  shall  act  as  chairman. 

(d)  If  one  or  more  Past  Presidents  are  unable  to  act  as  members  of  the  committee 
through  disability,  the  President  shall  have  the  authority  to  appoint  an  equivalent  num- 
ber of  eligible  next  senior  Past  Presidents  to  the  committee  as  ordinary  members. 

(e)  If  one  or  more  elected  members  of  the  committee  are  unable  to  act,  through 
death  or  disability,  the  President  shall  have  the  authority  to  appoint  as  replacements  an 
equivalent  number  of  the  senior  unsuccessful  candidates  for  election  to  the  committee. 

2.  Method  of  Nominating 

(a)  At  least  three  months  prior  to  the  annual  convention,  the  Chairman  shall  call 
a  meeting  of  the  committee  at  a  convenient  place,  at  which  nominees  for  the  several 
elective  offices  shall  be  selected  as  follows: 

Number  of  Candi- 
Nuniber  of  Candi-  dates  to  be 

dates  to  be  named  elected  at  the 

by  the  Nominating        Annual  Election 
Office  to  be  Filled  Committee  of  Officers 

President    1  1 

Vice    President    1  1 

Directors    8  4 

Nominating  Committee    10  5 

(b)  The  nominations  for  Director  shall  maintain  the  territorial  balance  prescribed 
in  Article  VII,  Section  1,  Paragraph  (b),  to  the  maximum  extent  practicable.  In  this 
connection,  the  nominations  for  Director  shall  be  predicated,  insofar  as  practicable,  on 
the  following  three-year  repeating  pattern  of  Director  positions  to  ensure  adequate 
territorial  distribution: 
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First  Year  Second  Year  Third  Year 

East— 2  East— 1  East— 1 

South— 1  West— 2  South— 1 

West— 1  Canada— 1  West— 2 

Nominations  in  any  one  year  shall  be  double  the  number  of  positions  available  for 
each  district  that  year,  with  the  nominations  listed  separately  by  districts. 

(c)  The  elected  members  of  the  Nominating  Committee  each  year  shall  include 
one  from  each  district  represented  on  the  Board  of  Direction  and  one  at-large  member. 
Nominations  in  any  year  shall  be  double  the  number  of  positions  available  for  each 
district,  with  the  nominations  listed  separately  by  districts. 

(d)  The  Chairman  of  the  Nominating  Committee  shall  send  the  names  of  the 
nominees  to  the  President  and  Executive  Manager  within  IS  days  after  the  meeting 
of  the  Nominating  Committee,  and  the  Executive  Manager  shall  report  the  names  of 
these  nominees  to  the  members  of  the  Association  not  less  than  60  days  prior  to  the 
annual  convention. 

(e)  At  any  time  prior  to  30  days  before  the  annual  convention,  any  ten  or  more 
Members  may  send  to  the  Executive  Manager  additional  nominations  for  any  elective 
office  for  the  ensuing  year,  signed  by  such  Members. 

(f)  If  any  person  nominated  shall  be  found  by  the  Board  of  Direction  to  be 
ineligible  for  the  office  for  which  nominated,  or  should  a  nominee  decline  such  nomination, 
his  name  shall  be  withdrawn.  The  Board  of  Direction  may  fill  any  vacancies  that  may 
occur  in  the  list  of  nominees  up  to  the  time  the  ballots  are  sent  out. 

3.  Ballots  Issued 

Not  less  than  thirty  days  prior  to  each  annual  convention,  the  Executive  Manager 
shall  issue  a  ballot  to  each  voting  Member  of  record  who  has  paid  his  dues  to  or  beyon.l 
December  31  of  the  previous  year,  listing  by  districts  the  several  candidates  to  be  voted 
upon.  When  there  is  more  than  one  candidate  for  any  office,  the  names  shall  be 
arranged  on  the  ballot  in  the  order  within  each  district  that  shall  be  determined  by  lot 
by  the  Nominating  Committee.  The  ballot  shall  be  accompanied  by  a  statement  giving 
for  each  candidate  his  record  of  membership  and  activities  in  the  Association. 

4.  Substitution  of  Names 

Members  may  remove  names  from  the  printed  ballot  list  and  may  substitute  the  name 
or  names  of  any  other  person  or  persons  eligible  for  any  office,  but  the  number  of  names 
voted  for  each  office  on  the  ballot  must  not  exceed  the  number  to  be  elected  at  that 
time  to  such  office. 

5.  Ballots 

(a)  Ballots  shall  be  placed  in  an  envelope,  sealed  and  endorsed  with  the  name  of 
the  voter,  and  mailed  to  or  deposited  with  the  Executive  Manager  at  any  time  previous 
to  the  closure  of  the  polls. 

(b)  A  voter  may  have  the  privilege  of  withdrawing  his  ballot,  for  the  purposes 
of  casting  another,  or  otherwise,  at  any  time  up  to  ten  working  days  prior  to  the 
closure  of  the  polls.  After  that  date,  no  ballot  shall  be  subject  to  withdrawal  or 
revision. 

(c)  Ballots  received  in  unendorsed  envelopes,  or  from  persons  not  qualified  to  vote, 
shall  not  be  counted. 
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(d)  The  ballots  and  envelopes  shall  be  preserved  for  not  less  than  ten  days  after 
the  vote  is  canvassed. 

6.  Closure  of  Polls 

The  polls  shall  be  closed  at  12  o'clock  noon  on  the  first  day  of  normal  2J^-day 
annual  conventions,  and  at  4  pm  on  the  day  prior  to  the  first  day  of  annual  conven- 
tions which  are  less  than  2l/z  days  in  length.  In  both  instances,  the  ballots  shall  be 
counted  by  tellers  appointed  by  the  presiding  officer. 

7.  Election 

(a)  The  persons  who  shall  receive  the  highest  number  of  votes  for  the  offices  for 
which  they  are  candidates  shall  be  declared  elected. 

(b)  In  case  of  a  tie  between  two  or  more  candidates  for  the  same  office,  the 
Members  present  at  the  annual  convention  shall  elect  the  officer  by  ballot  from  the 
candidates  so  tied. 

(c)  The  presiding  officer  shall  announce  at  the  convention  the  names  of  the  officers 
elected  in  accordance  with   this  Article. 


Article  VII 
Management 

1.  Board  of  Direction 

(a)  The  Board  of  Direction  shall  be  the  governing  body  of  the  Association  and 
shall  manage  the  affairs  of  the  Association  in  accordance  with  the  Constitution  of 
the  Association,  and  shall  have  full  power  to  control  and  regulate  all  matters  not  other- 
wise provided  for  in  the  Constitution.  It  shall  be  composed  of  seventeen  Members  of 
the  Association,  and  shall  include  the  President  and  two  Vice  Presidents  of  the  Asso- 
ciation, the  two  living  junior  Past  Presidents,  and  twelve  elected  Directors.  The  nomina- 
tion and  election  of  the  Officers  and  Directors  shall  be  in  accordance  with  the  procedures 
set  forth  in  Article  VI  herein. 

(b)  Furthermore,  the  membership  shall,  insofar  as  possible,  include  proportional 
representation  from  the  territorial  divisions  contained  in  the  "List  of  Principal  Railroads 
Showing  Allocation  to  Geographical  Groups"  (published  in  the  current  issue  of  The 
Official   Railway   Equipment   Register). 

Accordingly,  the  twelve  Directors  shall  be  elected  in  accordance  with  Article  VI, 
Section  2,  to  fit,  insofar  as  possible,  the  following  general  plan  for  territorial 
representation: 

Four  from  the  Eastern  District,  including  the  Allegheny  and  Pocahontas  Districts; 
two  from  the  Southern  District;  five  from  the  Western  District,  including  the  North- 
western, Central  Western  and  Southwestern  Districts;  and  one  from  Canada. 

(c)  The  President  and  two  Vice  Presidents  of  the  Association  and  the  two  Past 
Presidents  on  the  Board  of  Direction  shall  be  at-large  members  of  the  Board. 

(d)  Vacancies  occurring  in  Director  positions  prior  to  normal  expiration  of  term 
of  office  shall  be  filled  by  the  Board,  insofar  as  possible,  from  the  district  represented 
by  the  previous  incumbent. 

(e)  The  Board  of  Direction  shall  meet  within  thirty  days  after  each  annual  con- 
vention, and  at  such  other  limes  as  the  President  may  direct.  Special  meetings  shall  be 
called  on  request,  in   writing,  of  five  members  of  the  Board  of  Direction. 

(f)  Seven  members  of  the   Board  of   Direction  shall  constitute  a  quorum. 
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2.  Executive  Committee 

(a)  An  Executive  Committee  of  the  Board  of  Direction  shall  be  constituted 
annually  and  shall  consist  of  the  President  and  two  Vice  Presidents  of  the  Association 
and  the  two  Past  Presidents  on  the  Board  of  Direction.  The  Executive  Committee  shall 
be  subject  to  confirmation  of  the  Board  of  Direction  each  year  at  the  first  meeting  of 
the  Board  following  the  Convention.  The  President  of  the  Association  shall  be  the 
chairman  of  the  Executive  Committee. 

(b)  The  Executive  Committee  shall  possess  and  may  exercise  during  intervals 
between  meetings  of  the  Board,  all  of  the  powers  of  the  Board  on  matters  which  in  the 
judgment  of  a  majority  of  the  Executive  Committee  cannot  properly  be  delayed  until 
the  next  meeting  of  the  Board.  Actions  of  the  Executive  Committee  shall  be  authorized 
by  a  concurring  majority  of  its  full  membership  and  shall  be  reported  to  the  Board  of 
Direction  at  its  next  meeting 

(c)  The  Executive  Committee  may  be  dissolved  at  any  time  by  action  of  a  majority 
of  the  full  membership  of  the  Board  of  Direction.  Following  such  dissolution,  the  Execu- 
tive Committee  may  be  re-created  with  personnel  different  than  prescribed  in  Paragraph 
(a)  herein  at  any  time  prior  to  the  Annual  Convention  by  action  of  a  majority  of  the 
full  membership  of  the  Board.  However,  if  the  Executive  Committee  is  not  re-created 
prior  to  the  next  Annual  Convention  it  automatically  shall  come  under  the  provision 
of  Paragraph  (a)   herein  unless  the  Board  of  Direction  decrees  otherwise. 

3.  President 

The  President  shall  have  general  supervision  of  the  affairs  of  the  Association,  shall 
preside  at  meetings  of  the  Association,  the  Board  of  Direction  and  the  Executive  Com- 
mittee of  the  Board  of  Direction,  and,  by  virtue  of  his  office,  shall  be  a  member  of  all 
committees,  except  the  Nominating  Committee. 

4.  Vice  Presidents 

The  Vice  Presidents,  in  order  of  seniority,  shall  preside  at  meetings  in  the  absence 
of  the  President. 

5.  Treasurer 

The  Treasurer  shall  pay  all  bills  of  the  Association  when  properly  certified  by  the 
Executive  Manager  and  approved  by  the  Finance  Committee.  He  shall  make  an  annual 
report  as  to  the  financial  condition  of  the  Association  and  such  other  reports  as  may  be 
called  for  by  the  Board  of  Direction, 

6.  Executive  Manager 

The  Executive  Manager  shall  be  appointed  by  the  Board  of  Direction  to  manage 
the  affairs  of  the  Association  under  the  direction  of  the  President  and  the  Board  of 
Direction.  He  shall  be  the  Executive  Officer  and  the  Secretary  of  the  Association,  and 
shall  serve  as  secretary  of  the  Board  of  Direction  and  of  the  Executive  Committee  of 
the  Board  of  Direction. 

The  Executive  Manager  shall  attend  the  meetings  of  the  Association  and  of  the 
Board  of  Direction  and  the  Executive  Committee  of  the  Board  of  Direction,  prepare 
the  business  therefor,  and  record  the  proceedings  thereof.  Furthermore,  he  shall  see  that 
all  money  due  the  Association  is  collected,  is  credited  to  the  proper  accounts,  and  is 
deposited  in  the  designated  depository  of  the  Association,  with  receipt  to  the  Treasurer 
therefor.  He  shall  personally  certify  to  the  accuracy  of  all  bills  and  vouchers  on  which 
money  is  to  be  paid.  In  addition,  he  shall  invest  all  funds  of  the  Association  not  needed 
for  current  disbursements,  as  shall  be  recommended  by  the  Finance  Committee  of  the 
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Board  of  Direction  and  approved  by  the  Board  of  Direction,  with  notification  to   the 
Treasurer  of  such  investments. 

The  Executive  Manager  shall  be  responsible  for  the  handling  of  the  correspondence 
of  the  Association,  shall  make  an  annual  report  to  the  Association,  shall  have  direct 
charge  of  the  property  and  quarters  of  the  Association,  shall  direct  the  work  of  the 
secretaries,  assistant  secretaries  and  other  employees  of  the  Association,  and  shall  perform 
such  other  duties  as  the  Board  of  Direction  may  prescribe. 

7.  Auditing  of  Accounts 

The  financial  accounts  of  the  Association  shall  be  audited  annually  by  an  accountant 
or  accountants  approved  by  and  under  the  direction  of  the  Finance  Committee. 

8.  Administrative  Committees 

At  the  first  meeting  of  the  Board  of  Direction  after  the  annual  convention,  the 
following  Administrative  Committees,  each  consisting  of  not  less  than  three  members, 
shall  be  appointed  by  the  President.  The  personnel  of  these  committees  shall  be  subject 
to  approval  by  the  Board  of  Direction. 

Assignments 

Finance 

Manual 

Membership 

Personnel 

Publications 

Research 

Other  special  Administrative  Committees  may  be  appointed  by  the  President  at 
any  time,  and  reappointed  annually,  if  necessary,  their  personnel  being  subject  to 
approval  by   the  Board  of  Directioa 

Membership  on  Administrative  Committees  shall  be  restricted  to  members  of  the 
Board  of  Direction,  except  that  one  or  two  members  of  the  Administrative  Committee 
on   Research   may   be  past  members  of  the  Board  of  Direction. 

9.  Study  and  Research  Committees 

The  Board  of  Direction  may  establish  continuing  or  special  Study  and  Research 
Committees  to  investigate,  consider,  and  report  upon  subjects  appropriate  to  the  object 
of  the  Association,  as  set  forth  in  Art.  I. 

10.  Duties  of  Administrative  Committees 

(a)  Assignments 

The  Assignments  Committee  shall  review  and  pass  upon  the  recommendations  of 
Association  Study  and  Research  Committees  for  subjects  to  be  investigated,  considered 
and  reported  on  by  these  committees  during  the  ensuing  Association  year,  and  shall 
report  thereon  to  the  Board  of  Direction  for  its  approval.  The  Assignments  Committee 
shall  have  authority  to  assign  additional  subjects  or  change  the  scope  of  any  existing 
subjects  at  any  time  during  the  year,  reporting  its  action  thereon  to  the  Board  at  its 
next  regular  meeting. 

(b)  Finance 

The  Finance  Committee  shall  have  immediate  supervision  of  the  accounts  and 
financial  affairs  of  the  Association;  shall  approve  all  bills  before  payment,  and  shall 
make  recommendations  to  the  Board  of  Direction  as  to  the  investment  of  funds  and 
other    financial    matters.    The    Finance    Committee    shall    not    have    the    power    to    incur 
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debts  or  other  obligations  binding  the  Association,  nor  authorize  the  payment  of  money 
other  than  the  amounts  necessary  to  meet  ordinary  current  expenses  of  the  Association, 
except  by  authority  of  the  Board  of  Direction. 

(c)  Manual 

The  Manual  Committee,  with  the  assistance  of  the  Publications  Committee,  shall 
have  general  supervision   over  the  Manual. 

(d)  Membership 

The  Membership  Committee  shall  investigate  applicants  for  membership  and  shall 
make  recommendations  to  the  Board  of  Direction  with  reference  thereto. 

(e)  Personnel 

The  Personnel  Committee  shall  review  and  pass  upon  applications  of  members 
for  appointment  to  Study  and  Research  Committees,  and  shall  also  appoint  the  chair- 
man and  vice  chairman  of  such  committees  and  make  a  report  thereon  to  the  Board 
of  Direction  for  its  approval.  Should  an  unexpected  vacancy  in  chairmanship  or  vice 
chairmanship  of  any  such  committee  occur,  the  Personnel  Committee  shall  have  author- 
ity to  fill  such  vacancy  immediately,  reporting  its  action  thereon  to  the  Board  at  its 
next  regular  meeting. 

(f)  Publications 

The  Publications  Committee  shall  have  general  supervision  over  the  publications 
of  the  Association.  The  Publications  Committee  shall  not  have  the  power  to  incur 
debts  or  other  obligations  binding  the  Association,  nor  authorize  the  payment  of  money 
except  by  authority  of  the  Board  of  Direction. 

(g)  Research 

The  Research  Committee  shall  encourage  and  coordinate  the  research  activities  of 
the  Association,  in  the  course  of  accomplishment  of  which  it  shall  review  and  pass 
upon  the  recommendations  of  Study  and  Research  Committees  for  research  projects  and 
shall  report  thereon  to  the  Board  of  Direction,  recommending  for  approval  specific 
projects  initiated  by  these  committees  or  by  the  Research  Committee  and  recommending 
allotments  of  funds  for  these  projects  in  the  research  budget  of  the  Association  of 
American  Railroads  or  from  other  sources  compatible  therewith ;  shall  collaborate  closely 
with  the  research  staff  of  the  Association  of  American  Railroads;  and  when  called  upon 
by  the  Vice  President — Research  or  the  Vice  President — Operations  and  Maintenance 
of  that  association,  members  of  the  Research  Committee  shall  engage  in  the  activities 
of  advisory  committees  or  groups  of  that  organization  and  shall  report  from  time  to 
time  to  the  Board  of  Direction  on  those  activities. 

11.  Special  Committees 

The  Board  of  Direction  may  appoint  special  committees  to  examine  into  and  report 
upon  any  subject  connected  with  the  objects  of  this  Association. 

12.  Discussion  by  Non-Members 

The  Board  of  Direction  may  invite  discussions  of  reports  from  persons  not  members 
of  the  Association. 

13.  Sanction  of  Act  of  Board  of  Direction 

An  act  of  the  Board  of  Direction  which  shall  have  received  the  expressed  or  implied 
sanction  of  the  membership  at  the  next  annual  convention  of  the  Association  shall  be 
deemed  to  be  the  act  of  the  Association. 
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Article  VIII 
Meetings 
1.  Annual  Convention 

(a)  The  Annual  Convention  of  the  Association  shall  be  held  in  the  City  of  Chicago, 
111.,  or  in  such  other  city  as  may  be  determined  by  the  affirmative  vote  of  two-thirds 
of  the  entire  membership  of  the  Board  of  Direction.  The  convention  in  any  year  shall 
be  held  on  dates  determined  by  the  affirmative  vote  of  two-thirds  of  the  entire  mem- 
bership of  the  Board  of  Direction. 

(b)  The  Executive  Manager  shall  notify  all  members  of  the  Association  of  the  time 
and  place  of  the  annual  convention  at  least  30  days  in  advance  thereof. 

(c)  The  order  of  business  at  the  annual  convention  of  the  Association  shall  be: 
Address  of  the  President 

Reports  of  the  Executive  Manager  and  the  Treasurer 

Reports  of  committees 

Unfinished   business 

New  business 

Installation  of  officers 

Adjournment 

(d)  This  order  of  business  may  be  changed  by  a  majority  vote  of  Members  present. 

(e)  The  proceedings  shall  be  governed  by  "Robert's  Rules  of  Order"  except  as 
otherwise  herein  provided. 

(f)  Discussions  shall  be  limited  to  Members  and  to  those  others  invited  by  the 
presiding  officer  to  speak. 

2    Special  Meetings 

Special  meetings  of  the  Associations  may  be  called  by  the  Board  of  Directions  on  its 
own  initiative,  and  may  be  so  called  by  the  Board  of  Direction  upon  written  request 
of  100  Members.  The  request  shall  state  the  purpose  of  such  meeting. 

The  call  for  such  special  meeting  shall  be  issued  not  less  than  ten  days  in  advance 
of  the  proposed  date  of  such  meeting  and  shall  state  the  purpose  and  place  of  the 
meeting.  No  other  business  shall  be  taken  up  at  such  meeting. 

3.  Quorum 

Twenty-five  Members  shall  constitute  a  quorum  at  all  meetings  of  the  Association 

Article  IX 

Amendment 
1.  Amendment 

Amendment  of  this  Constitution  may  be  proposed  by  written  petition  signed  by 
not  less  than  ten  Members  of  the  Association,  and  shall  be  acted  upon  in  the  following 
manner: 

The  proposed  amendment  shall  be  presented  to  the  Executive  Manager  who  shall 
send  a  copy  to  each  member  of  the  Board  of  Direction  as  soon  as  received.  If  a  majority 
of  the  entire  Board  of  Direction  so  votes,  the  matter  shall  be  submitted  to  the  voting 
members  of  the  Association  by  letter  ballot 

Amendment  to  the  Constitution  also  may  be  proposed  by  majority  affirmative  vote 
of  the  entire  Board  of  Direction,  and  the  proposed  amendment  then  submitted  to  Un- 
voting members  of  the  Association  by  letter  ballot. 
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Sixty  days  after  the  date  of  issue  of  the  letter  ballot,  the  Board  of  Direction  shall 
canvass  the  ballots  which  have  been  received,  and  if  two-thirds  of  such  ballots  are  in 
the  affirmative  the  amendment  shall  be  declared  adopted  and  shall  become  effective 
immediately.  The  result  of  the  letter  ballot  shall  be  announced  to  members  of  the 
Association. 
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Advance    Report   of   Committee   4 — Rail 
Report   on   Assignment   3 

Rail   Failure   Statistics,  Covering    (a)    All   Failures, 

(b)   Transverse  Fissures,   (c)   Performance 

of  Control-Cooled   Rail 

R.  F.  Bush  (chairman,  subcommittee),  B.  ('..  Anderson,  S.  H.  Barlow,  R.  1).  Cla- 
born,  L.  S.  Crane,  R.  E.  Gorsuch,  C.  E.  R.  Haight,  V.  E.  Hall,  T.  B. 
Hutcheson,  A.  V.  Johnston,  J.  F.  Lyle,  A.  B.  Merritt,  C.  F.  Parvin,  Emu. 
Szaks. 

These  statistics  represent  rail  failures  reported  to  December  31,  1970,  and  are 
reported  as  information.  Failures  were  reported  by  38  railroads  covering  approxi- 
mately 230,000  miles  of  Class  I  Railroad  main-track  mileage.  Combined  reports  arc 
shown  at  bottom  of  Table  1.  This  report  is  a  technical  service  of  the  Association  of 
American    Railroads   Research   and   Test  Department. 

Data  on  service  transverse  fissure  failures  and  detected  transverse  defects  are 
given  in  Table  1  and  Fig.  f.  It  will  be  noted  from  Fig.  1  that  service  transverse  fis- 
sures (Line  "A")  increased  during  1970  and  detected  transverse  detects  (Line  "B" ) 
decieased. 

The  number  of  track  miles  tested  by  detector  cars  as  reported  tor  L969  and  1970 
is    as    follows: 

Year  No.  of  Roads  Track  Mih.s  Tested 

Tested  Reporting  Bi/  Detector  Car 

1909  42  222,297 

1970  38  237,790 

Since  1958  the  number  of  track  miles  reported  tested  by  detector  cars  has 
ranged  from  a  low   of  193,510  in   L98]  to  a  high  of  237,799  in   1970,  as  shown  above. 

Mill    Performance 

The  number  of  sen  ice  and  detected  rail  failures  that  occur  during  the  first  five 
years  of  service  has  been  considered  to  be  a  good  criterion  of  mill  performance  and 
the  quality  of  rail  as  manufactured.  Fig.  2  shows  these  failures  for  rollings  From 
190S  to  L965.  An  explanation  of  the  large  decrease  in  number  of  failures  through- 
out   this   period  can   be  found   in   the   AREA   proceedings   Volume  04,   page  509. 

Fig,  3  shows  the  control-cooled  rail  failure  rates  cumulatively  lor  the  rollings 
from     1900    to    1969,    inch,    for   each    mill.    In    making   comparisons    between    mills    .is 

reflected  in  this  figure,  it  is  important  to  recognize  that  because  ol  service  condi- 
tions on  roads  served  l)>  the  various  mills,  these  failure  data  should  not  lie  taken 
as    necessarily    indicative    of    the    rail    quality.    A    detailed    explanation    of   the    reasons 

for  the  difference  in  failure  rates  for  the  different  mills  and  specific  years  rollings 
was  given  in  the  1903  report  lor  rollings  up  to  an  including  L960  rollings.  The 
following  comments  are  explanatory  of  the  significant  differences  between   fig.  3 

in    this   veai's   report   and   last    year's   report. 

Tins  will  he  the  last  reporting  year  for  Inland  steel  rail.  Dominion  steel  as  nf 
L969  has  been  known  as  Sysco  Steel 
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AJgoma — there  were  decreases  in  failures  reported  in  1970  in  the  L966  rollings 
to  7.3  failures  per  100  track  mile  years,  down  from  24.3  reported  in  1968. 

Tabic  2  shows  the  tons  of  new  rail  rolled  for  the  reporting  roads  and  the  cor- 
responding track  miles  by  years.  Rollings  for  any  railroad  from  one  mill  of  less 
than  500  tons  are   not   included. 

Fig.  4  and  Table  3  from  which  the  figure  is  derived,  shows  the  effect  of  years 
of  service  on  rail  failures,  and  also  a  comparison  of  the  reduction  in  failure  rates 
effective  with  the  new  rail  sections  introduced  in  1947.  For  the  ninth  and  tenth 
years  of  service,  the  difference  between  the  failure  rates  for  the  old  sections  and 
new  sections  is  more  than  indicated  by  Fig.  4  because  much  of  the  tonnage  of  the 
old  sections  having  the  highest  failure  rates  was  replaced  and  therefore  no  longer 
reported. 

Table  4  shows  the  total  amount  of  track  miles  of  rail  ( all  sections  in  rollings 
between  1960  and  1969  segregated  by  mill  and  railroad).  Also  shown  in  this  table 
is  the  total  number  of  failures  (excluding  EBF'S)  and  the  engine  burn  failures  that 
occurred  on  each  railroad  in  1970  in  these  rollings.  A  comparison  of  this  year's  re- 
port with  tiiat  for  the  previous  year  shows  an  increase  in  total  track  miles  from 
23,118  to  24,502;  in  failures  during  the  years,  excluding  EBF'S,  from  1.549  to  1,907; 
and  in  EBF'S  only,  from  25  to  51. 

Types    of    Failures 

Table  5  shows  die  accumulated  service  failures  and  detected  defects  in  number 
and  per  100  track  miles  in  the  rollings  from  1960  to  1969,  inch,  that  have  been 
reported  to  December  31,  1970,  classified  by  mill  and  type  of  defect.  Comparing 
this  table  with  last  year's  corresponding  table,  the  total  number  of  defects  of  all 
types  increased  to  5,859  from  last  year's  5,331.  There  was  a  slight  increase  in  the 
total  track  miles,  as  shown  in  Table  4.  Failures  per  100  track  miles  increased  from 
4.54  to  4.92. 

The  predominant  types  of  failures  were  Other  Head  representing  21  percent 
of  the  total  failures  per  100  track  miles,  Web-in-Joint  failures  representing  31  per- 
cent and  CF  and  DF'S   15  percent. 

The  extent  to  which  the  "New  Rail  Sections"  adopted  in  1947  have  affected 
the  number  of  failures  of  each  type  is  indicated  in  the  following  tabulation  which 
shows  the  accumulated  failures  in  the  "Old  Sections"  in  the  1938  to  1947  rollings, 
inch,  which  include  mostly  control-cooled  rail,  in  the  1960  to  1969  rollings,  incl., 
which  mostly  include  new  but  some  of  the  old  sections;  and  in  the  1960  to  1969 
rollings,  inch,  which  include  the  new  sections  only  as  shown  in  Table  5A. 

Accumulated  Failures  Per   100  Track  Mile  Years 

Old  Sections 

(1938-1947) 

TF  Verified 0.02 

CF  &  DF 1.73 

VSH 0.58 

HSH 0.53 

Other  Head 0.52 

Broken   0.75 

Web-in-Joint   3.34 

Web  Other   1.47 

Base    0.30 

All  Tvpes    9.24 


All  Sections 

New  Sections 

(1960-1969) 

(1960-1969) 

0.01 

0.01 

0.75 

0.92 

0.41 

0.20 

0.22 

0.19 

1.03 

0.98 

0.33 

0.20 

1.52 

0.75 

0.33 

0.13 

0.27 

0.23 

4.92 

3.59 

Hail  Failure  Statistics  J2S 


Comparing  the  Failure  rates  in  the  "New  Section"  with  those  in  the  "Old 
Section,"  decreases  have  been  shown  in  all  categories  except  for  Other  Head. 
This  inerease  in  Other  Head  failures  in  the  "New  Section"  is  attributed  to  tin- 
addition  of  the  Canadian  National  reporting  to  the  "New  Section"  whereas  this 
was  not  included  in  the  "Old  Seetion."  Out  of  1,234  Other  Head  failures,  Canadian 
National  reported  864,  or  70  percent  of  them.  The  large  reduction  in  Web-in-Joint 
and  Web-Other  categories  is  attributed  to  the  new  rail  designs  and  bolt  hole- 
spacing  adopted  in  1947.  It  should  also  be  noted  that  this  comparison  favors  the 
number  of  failures  reported  in  the  "Old  Section"  somewhat  because  of  the  tonnage 
of  rail  having  the  highest  failure  rate  being  removed  before  the  ten  year's  service 
was  completed  as  explained  in  the  discussion  of  Fig.  4. 

Table  6  shows  the  accumulated  failures  and  detected  defects  in  the  rollings 
from  1960  to  1969,  inch,  by  mills,  roads,  and  types  of  failures.  The  data  shown 
in  this  table  are  particularly  helpful  in  determining  whether  rail  failures  and  de- 
tected defects  reported  are  due  to  mill  quality,  rail  design  or  sen  ice  conditions. 
Three  roads  reported  55  percent  of  the  CF's  and  DF's;  one  road  reported  70 
percent  of  the  total  Other  Head;  and  two  roads  reported  66  percent  of  the  Web-in- 
Joint  failures   and  detected  defects. 

These  statistics  serve  to  draw  the  attention  of  Member  Roads  to  an  unusually 
large  number  of  defects  of  any  type  occurring  on  their  road  so  appropriate  action 
can  be  taken  where  justified  or  practical. 

Table  7  shows  the  detected  defects  and  service  failures  in  the  rail  web  within 
the  joint  bar  limits  reported  during  1970  in  rail  of  100  lb  and  heavier.  Comparing 
these  results  with  those  reported  last  year,  there  was  an  increase  in  detected  web 
defects  from  38,521  in  1969  to  53,226  in  1970;  and  an  increase  in  the  number 
of  service  web  failures  from   17,610  in   1969  to  22,885  in   1970. 

Transverse  fissures  examined  at  the  AAR  Research  Center  are  reported  in 
Table  8.  There  were  no  additional  transverse  fissure  failures  in  control-cooled  rail 
reported  in  1970,  showing  good  quality  control  and  mill  practices  have  been 
followed   in   the  manufacture  of  this  rail   to  avoid   shatter  cracks. 

Table  9  tfives  the  number  of  welded  engine  burns  in  track  and  the  number  of 
failed  welded  engine  burns  during  1970  as  reported  by  a  few  roads  that  keep  a 
record  of  this  information.  Of  the  seven  roads  that  were  able  to  report  both  the 
number  in  track  and  number  of  failures,  out  of  a  total  of  887,924  welded  engine 
burns  in  track,  115  rail  failures  from  welded  engine  bums  were  reported  during 
1970,  or  a  rate  of  one  rail  failure  per  7,721  welded  engine  burns.  This  low  incidence 
of  failures  indicates  that  the  practice  of  welding  engine  bums  is  showing  good 
service  performance.  Extensive  laboratory  tests  made  in  the  rolling-load  machines 
several  years  ago  indicate  that  a  welded  engine  burn  was  less  likely  to  develop  a 
progressive   fracture   under   repeated   Loading  than   an   engine   bum   which   had   not 

been    welded.   The   use   of   care   and    good    procedure    in    welding   engine    burns    is.   ol 

course,  an  important  factor  in  obtaining  good  service  performance. 

All    Rail    Failures 

In  L961,  the  bail  Committee  decided  (hat  il  would  be  helpful  to  initiate  a 
report  of  all  rail  failures  in  main  track.  Data  were  compiled  lor  tin  yeai  1970  with 
respect    to    rail    section,    type    ol     failure,    service    or    detected,    and    track    miles    as 

reported    on    loim   402-B.   These  data   are   shown    in   Table    10.     The   n her   ol    track 

miles  reported  increased   from  22S.<>.>7  in    L969  to  238,078  in    1970.  The  total  unmix  i 

Kill.   0.18 
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of  service  failures  and  detected  defects,  including  engine  hum  fractures,  increased 
from  163,738  in  1969  to  180,074  in  1970.  The  following  tabulation  shows  these 
results  on  a   track-mile  basis  from    1962  to   1970,   incl. 


FAILURE  PER  TRACK  MILE 
Year 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 

The  failure  rate  on  this  basis  has  increased  42  percent  from  1962  to  1970  for 
all  sections,  and  46  percent  during  the  same  period  for  sections   100  lb  and   less. 

Butt   Weld    Failures 

In  1962,  it  was  decided  that  it  would  be  desirable  to  have  a  record  of  failures 
in  the  different  types  of  butt  welds.  Table  11  shows  the  accumulated  failures  to 
December  31,   1969,  as  reported  on  Form  402-E. 


All  Sections 

100  Lb.  and  Less 

0.52 

0.68 

0.54 

0.70 

0.65 

0.80 

0.55 

0.72 

0.57 

0.73 

0.64 

0.84 

0.66 

0.82 

0.71 
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0.75 
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YEARS  SBRVICE 


"     125 


947  Roll 
ections 

1938- 
OldS 

ings 



/' 

X 

f^' 

New  Sections  & 
Some  Old  Section 

YEAR  ROLLED 


Fig. 


4      Control  Cooled  Rail  Failures  to  December  31  ,   1969,   Per  100  Track  Miles 
All  Types  Excluding  Engine  Burn  Fractures-  Service  and  Detected. 


Decline  in  trend  of  failures  rate  in  old  section  occurred  during  9th  and  10th 
years  of  service  due  to  rollings  having  a  large  number  of  failures  being 
removed  and  no  longer  included  in  the  reports. 
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SERVICE  FAILURES  FROM  TRANSVERSE  FISSURES  AND  DETECTED 

TRANSVERSE  DEFECTS  BY  RAILROADS  FOR  THE  YEARS  1969  AND 

1970    -    ALL  ROLLINGS  AND  PROCESSES 


Serx 

ice 

Detected  J 

ransverse 

Failures-and 

Defects 

Including 

Trans 

verse 

Compound 

Fissures 

Railroad 

Fiss 

ares 

and  Detail 

Fractures 

1969 

1Q70 

1°69 

1970 

Atchison.     Topeka  &  Santa  Fe 

6 

6 

1.  448 

1.  511 

Baltimore  and  Ohio 

97 

83 

2.  314 

326 

Bangor  and  Aroostook 

1 

- 

25 

22 

Bessemer  and  Lake  Erie 

- 

- 

29 

2 

Boston  Maine 

- 

1 

117 

68 

Burlington  Northern 

- 

38 

- 

1.  660 

Canadian  National 

- 

- 

2.  168 

1.  599 

Canadian  Pacific 

24 

34 

1.   179 

1.  023 

Cartier 

1 

2 

8 

i 

Chesapeake  and  Ohio 

- 

- 

305 

- 

Chicago  North  Western 

29 

57 

I.  243 

1.  415 

Chicago.    Burlington  and  Quincy 

3 

- 

571 

- 

Chicago.    Milwaukee.    St.    Paul  &  Pacific 

10 

7 

951 

830 

Chicago.    Rock  Island  and  Pacific 

76 

31 

363 

453 

Chicago  and  Western  Indiana 

- 

70 

- 

- 

Colorado  and  Southern 

- 

1 

102 

68 

Delaware  and  Hudson 

- 

- 

62 

- 

Denver  and  Rio  Grande  Western 

- 

56 

344 

459 

Erie  Lackawanna 

- 

10 

- 

444 

Ft.    Worth  and  Denver 

- 

- 

14 

- 

Grand  Trunk  Western 

3 

- 

158 

- 

Great  Northern 

8 

- 

475 

- 

Illinois   Central 

- 

- 

996 

1.  102 

Kansas  City  Southern 

9 

- 

46 

- 

Lehigh  and  Hudson 

- 

- 

- 

- 

Lehigh  Valley 

- 

- 

36 

43 

Long  Island 

- 

- 

39 

- 

Louisville  and  Nashville 

89 

59 

625 

1.  600 

Maine  Central 

4 

6 

65 

108 

Missouri.    Kansas.    Texas 

6 

10 

309 

137 

Missouri  Pacific 

26 

33 

413 

687 

Monon 

2 

2 

48 

14 

Norfolk  and  Western 

- 

96 

2.  977 

1.  068 

Northern  Pacific 

- 

- 

126 

- 

Penn  Central 

33 

72 

2.  353 

1.  652 

Pittsburgh  and  Lake  Erie 

- 

- 

3 

14 

Quebec,    North  Shore  &  Labrador 

- 

3 

22 

31 

Reading 

7 

7 

142 

1  17 

Richmond,    Fredericksburg  &  Potomac 

4 

- 

19 

10 

Seaboard  Coast  Line 

64 

55 

668 

128 

Soo  Line 

19 

33 

148 

"1 

St.    Louis.    San  Francisco 

- 

- 

528 

49  7 

Southern  Pacific 

31 

39 

731 

^3U 

Union  Pacific 

10 

6 

2.  519 

5,  478 

Western  Maryland 

- 

1 

23 

23 

TOTAL  ALL  ROADS 

562 

818 

24.  712 

23,222 

Reports  Combined: 

Baltimore  fc  Ohio  and  Chesapeake  &•  Ohio 

Missouri  Pacific.    Chicago  Eastern  Illinois.    Texas  &  Pacifi 

Pittsburgh  Lake  Erie.    Lake  Erie  8.-  Eastern  Illinois 


Burlington  Northern,    Northern 
Quincy,    Portland  &■  Seattle 


ific.    Great  Northe 


Chicago,    Burlington  h> 


Canadian  National,    Grand  Trunk  Western,    Central  Ve 
Canadian  Pacific,    Dominion  Atlantic.    Quebec  Central 
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TABLE  2 

TONS  OF  RAIL  AND  TRACK  MILKS  OF  EACH   YEARS  ROLLINGS  1MG0  -  L969,  INCL. 
REPORTKI)  BY  38     RAILROADS 


YEAR 

OH  CONTRO 

L  COOLED  ONLY 

ROLLKD 

NET  TONS 

TRACK  MILES 

1960 

364,097 

1,674.  60 

1961 

290,210 

1,339.  50 

1962 

273,944 

1,252.  60 

1963 

408,904 

1,876.90 

1964 

450,  081 

2,167.90 

1965 

496,691 

2,303.  00 

1966 

635,207 

2,913.80 

1967 

512,295 

2,378.90 

1968 

605,278 

2,730.90 

1969 

650,339 

2,902.80 

TOTAL 

4,687,046 

2,154,090 

TABLE  3 

SERVICE  FAILURES  AND  DEFECTS  OF  ALL  TYPES  EXCEPT  ENGINE  BURN 
FAILURES  ACCUMULATED  FROM  DATE  ROLLED  TO  DECEMBER  31, 
1970  PER  100  AVERAGE  TRACK  MILES,  BASIC  OXYGEN  AND  OPEN 
HEARTH  CONTROL  COOLED 


YEAR 
ROLLKD 

YEARS  OF  SERVICE 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1960 

0.  5 

1.6 

3.  0 

4.7 

9.  6 

15.  6 

24.  4 

25.  8 

44.  3 

55.  6 

1961 

0.  8 

2.  0 

2.  0 

5.!" 

10.  6 

17.5 

25.  6 

41.  4 

52.  S 

19  62 

0.  6 

1.  0 

3.1 

5.  5 

11.1 

20.6 

36.  2 

47.1 

19  63 

0.4 

1.  8 

3.  8 

8.6 

14.  6 

23.  3 

14.7 

1964 

1.  5 

6.  5 

4.5 

12.0 

18.  4 

13.6 

1965 

1.  3 

3.  0 

8.2 

13.6 

17.  8 

1966 

1.  6 

7.  9 

11.  0 

17.6 

1967 

1.  7 

5.  4 

8.  5 

19  68 

1.  3 

2.9 

1969 

1.  9 
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TABl.K    9 
WELDED  ENGINE  BURNS  AND  FAILURES 
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TABLE    11 
ACCUMULATED  BUTT  WELD  FAILURES  TO  DECEMBEH  SI,   1970 


NUMBER 
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Report  on  Assignment  5 

Service    Records 

|.  T.  Slocomb  (chairfnan,  subcommittee),  A.  B.  Bakeh,  K.  C.  Edscorn,  F.  J.  Fudgi 

R.  P.  Hughes,  G.  H.  Way,  J.  L.  Williams. 

Tie  Renewals  and  Costs 

Statistics  providing  information  on  cross  tie  renewals  and  average  tie  costs 
for  the  year  1971,  as  compiled  by  the  Economics  and  Finance  Department,  Asso- 
ciation of  American  Railroads,  are  presented  on  following  pages  in  Tables  A  and  B. 
Table  C  (page  750)  shows  the  number  of  other  than  wooden  cross  ties  (concrete 
ties)  laid  in  replacement  and  in  new  construction.  Table  D  (page  751)  shows 
typical  prices  paid  for  wooden  cross  ties  in  the  East,  South  and  West. 

The  1971  statistics  on  new  tie  renewals  by  Class  I  U.  S.  Railroads  compared 
with  1970  are  as  follows: 

Total  Neu  Benewah 

Year  Tie  Renewals  Per  Mile 

1970    17,804,501  °  60 

1971    21,433,503°°  72 


°  Includes     48,340   concrete   tics,   excludes   323.187   secondhand   ties. 
00  Includes    205,147    concrete    ties,    excludes    289.510    secondhand    ties. 

By  geographical  districts,  the  Eastern  Roads  inserted  in  replacement  55  ties 
per  mile,  the  Southern  Roads  120  ties  per  mile  and  the  Western  Roads  04  ties  pel 
miles. 

Indicated  wooden  tie  life  determined  1>>  dividing  tin'  total  number  of  tics  in 
track    (1967    figures)    by    the    number    of    new     ties    inserted    in    1971    is    as    follows: 

Eastern  Roads  54  years,  Southern  Roads  24  years,  Western  Roads  48  years,  all 
U.  S.  Class  I  Roads  42  years. 

This    figure    tor    the    Southern    Hoads    is    now     less    than    average    treated    tie    life 

proven  by  service  tests.  On  the  Eastern  and  Western  Roads,  however,  indicated  In 
lite  is  still  substantially  above  average  service  life,  but  the  figures  are  much  closer 
to  average  service  life  than  the)  were  a  year  ago. 

The  number  of  concrete  tics  used  in  replacement  increased  substantial!)  in  L971 
compared  with  1970 — from  48,340  to  205,147.  Concrete  ties  used  in  new  construc- 
tion declined  from  58,946  in   1970  to  9,946  in   1971. 
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Bulletin  638 — American  Railway  Engineering  Association 


OTHER  THAN  WOODEN  CROSS  TIES  LAID  IN  1971  AND  NUMBER  OF  OTHER  THAN  WOODEN 
CROSS  TIES  IN  MAINTAINED  TRACK  OCCUPIED  BY  CROSS  TIES  AS  OF  DECEMBER  31,  1971 


District  and  Road 

Other  than 
wooden  cross 
ties  laid  in 
replacement 

Other  than 
wooden  cross 
ties  laid  in 

additional 
tracks,  new 
lines  and  ex- 
tensions 

Number  of 
other  than 
wooden  cross 
ties  in  main- 
tained track 
occupied  by 
cross  ties 
(12/31/71) 

Number 

Average 
Cost 

Number 

Average 
Cost 

EASTERN  DISTRICT: 
Baltimore  &  Ohio 
Central  Vermont 
Delaware  &  Hudson 

- 

- 

- 

- 

13  770 

120 

61  708 

Total  Eastern  District 

- 

- 

- 

- 

75  598 

SOUTHERN  DISTRICT: 

Cin.,  New  Orleans  &  Tex.  Pac . 
Florida  East  Coast 
Louisville  &  Nashville  a 
Norfolk  Southern 
Seaboard  Coast  Line 

3  000 
158  143 

6  511 

$17.74 
14.10 

9.11 

4  281 

$12.85 

3  000 

285  384 

3  358 

68  579 

241  814 

Total  Southern  District 

167  654 

13.98 

4  281 

12.85 

602  135 

WESTERN  DISTRICT: 

Atchison,  Topeka  &  Santa  Fe 
Burlington  Northern 
Duluth ,  Missabe  &  Iron  Range 
Kansas  City  Southern  b 
St.  Louis-San  Francisco 
Western  Pacific 

5  025 
32  468 

13.11 
11.87 

5  665 

13.22 

5  025 

303 

530 

160  329 

74  480 

723 

Total  Western  District 

37  493 

12.03 

5  665 

13.22 

241  390 

Total  United  States 

205  147 

13.62 

9  946 

13.06 

919  123 

Includes  Monon  merged  effective  July  31,  1971. 
Includes  Louisiana  &  Arkansas. 


Association  of  American  Railroads 
Economics  and  Finance  Department 
Washington,  D.  C.   20036 


July  5,  1972 
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Table  D 
TYPICAL  CROSS  TIE  PRICES 
10  Selected  Class  I  Railroads 


District /description 

January  1 , 

January  1 , 

January  1 , 

January  1 , 

of  cross  tie 

1969 

1970 

1971 

1972 

EAST: 

7"x9"x8'6"  oak  treated 

$5.33 

$5.83 

$5.83 

$6.41 

Grades  (4&5  latest 

A.R.E.A.  Spec.)  60/40  Cr/Coal 

6.50 

6.90 

7.45 

7.45 

Grades  4&5  treated  (latest  A.R.E. 

A. 

spec.)  60/40  Creosoted 

6.35 

6.90 

7.45 

7.45 

SOUTH: 

6"x8",  7"x8"  and  7"x9"  by 

8 '6"  treated  oak  &  mixed 

hardwood 

3.62 

4.63 

5.22 

5.09 

7"x9"x8'6"  treated 

5.09 

5.13 

5.29 

5.64 

7"x9x8'6"  oak,  creosoted 

5.60 

6.50 

6.00 

6.71 

WEST: 

7"9"x8'6"  red  oak,  Gr .  5 

4.77 

5.07 

5.24 

5.24 

7"x9"-9' 

5.03 

5.63 

5.63 

5.63 

7"9"x8'  Doug,  fir  rough  - 

No.  1  &  better 

5.00 

6.01 

6.99 

5.77 

7"x8"x9'  hardwood  treated 

4.67 

5.09 

5.12 

5.33 
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Railroad    Buildings 

6481    Taft  Street      Gary,   Indiana  46410 


I  The  De  Leuw,  Gather  Organization 

■*U"  CONSULTING   ENGINEERS 

165  W.  WACKER  DRIVE  •  C  IICAGO  60601 


SUBWAYS  .  RAILROADS  .  SIGNAL  SYSTEMS 

PUBLIC  TRANSIT .  TRAFFIC  •  PARKING 

HIGHWAYS  .BRIDGES  .  PORT  DEVELOPMENT 

COMMUNITY  PLANNING  •  URBAN  RENEWAL 

MUNICIPAL  WORKS  •  INDUSTRIAL  •  AIRPORTS 

ENVIRONMENTAL  SCIENCE  AND  ENGINEERING 


BOSTON  •  BUFFALO  •  NEWARK  •  NEW  YORK 

OKLAHOMA  CITY-  PHILADELPHIA  .  PORTLAND.  OR 

SAN  FRANCISCO  •  SEATTLE  -WASHINGTON.  DC 


Sill 

SHANNON  &  WILSON,  INC. 

Soil  Mechanics  and  Foundation  Engineers 

Engineering  Geology  and  Geophysics 

Field  Exploration    •    Soils  Laboratory 

Instrumentation    •    Rock  Mechanics 

Seattle  •  Spokane  •  Portland  •  San  Francisco 


1810  Montreal  Ave. 
St.   Paul,   Minn.   55116 
Tel.   612/698-1319 

D.   H.  SHOEMAKER,  P.E. 

CONSULTANT 
Engineering— Management— Planning 

1509  Laurelhurst  Drive 
Las  Vegas,  Nev.  89108 
Tel.   702/878-0304 


CONSULTING     ENGINEERS 


RAILWAYS  HIGHWAYS 

BRIDGES  TUNNELS 

ROUTE     LOCATION 

SHOP      FACILITIES 

(415)   3974071 

cable  .  interengco    2  2  0  M  O  N  T  G  O M  E  R  Y    S  T 
SAN    FRANCISCO  •  CALIFORNIA   94104 
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ECONOMICAL  TRACK  DRAINAGE 
.,,.  I  QpENO\  Ballast  Cleaning 


Cross-Section  showing  food  drainage  after  clearing  with  SPU10  Ballad  Cleaner. 

One  of  the  SPFJfO  Ballast  Cleaning  machines. 


^vs; 


The  transformation  in 
drainage  conditions  shown 
in  these  photos  was 
accomplished  with  a 
SPENO  Ballast  Cleaning 
Machine... Time  Tested 
—  and  Proved  —  Year 
after  Year  on  the  railroads 
of  the  Nation. 

For  just  a  few  pennies 
per  track  foot  you  can 
have  good  track  drainage 
that  saves  maintenance 
dollars. 


Write  or  telephone  (or  a  Ballast 
Cleaning  program  (or  your  railroad. 


MEMBER 

RRI 


FRANK  SPENO  RAILROAD  BALLAST  CLEANING  co.,  inc. 


Clark  St.,   Eait  Syracmt.  N.Y. 
Ph.   315   437  2547 


306  N.   Cayuga  St..   Iihaca.   N.Y. 
Ph.  607   272   3313 


Canadian  Sales  Representative:  IEC-HOLDEM  LTD.,  614  St.  James 
St.  W.,  Montreal  3,  Quebec,  Canada     Phone:  514  849-8131 


TRASCO  Track  Skates 


Preferred  by  skatemen 

Light 

Tough 

Balanced  hand  hold 

No  curl  tongue 

TRACK  SPECIALTIES 
COMPANY 

Box  729  Westport ,  Conn . 


m 
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